Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




"1 



^ 



HELP TO ARITHMETIC 






% 



PRINTED BY C. J. CLAY, M.A. 
AT THE UNIVERSITY PRESS. 



■■» 



HELP TO ARITHMETIC 

DESIGNED FOR THE USE OF 
SCHOOLS. 



H. CANDLER, M.A., 




mention anil QTambTfllgt: 

MACMILLAN AND CO. 

1868 

[All Higtits reientJ.] 



I 



PREFACE. 



The writer of the following pages believes that an 
apology is due for the apparent want of completeness and 
consecutiveness that are evident in his treatment of the 
subject they deal with. His only excuse is that this very 
inconsecutiveness was intentional. His desire was not 
to make a book. That would seem unnecessary in the 
presence of the many very excellent treatises on Arithmetic 
now current in schools. The present work is intended as 
a companion to any text-book that may be in use, and 
the object of the writer has been twofold. He has pro- 
posed to himself to exhibit in a compendious form ex- 
planations of certain Arithmetical difficulties, which, in the 
course of many years' teaching, he has found satisfactory 
to his pupils; and to put before boys examples of sums 
in various rules fully worked out in a clear, uniform, and 
natural manner. In the "money rules" he has endeavoured 
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to show that there are no new processes; only new tech- 
nical expressions to be explained ; and that these rules 
can therefore be made at once to depend on the ordinary 
forms of proportion. 

It will be seen from the above remarks that the design 
of the book is of the humblest nature. There are no 
novelties, no ambitious attempts. It only aspires to be 
useful, and endeavours to accomplish this end by means 
of clear explanations, ahd by urging upon learners the 
necessity of a neat, logical, and methodical treatment of 
sums. 

It is the intention of the writer to follow up this 
publication with two or more similar treatises on Algebra, 
Euclid, and other kindred school subjects of an elementary 
nature ; the whole will thus form a single work, of which 
the present must be considered the First Part. 
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PART I. 
ARITHMETIC. 

I. In order to avoid using a new symbol and word for 
every different number, all nations, who have attained any 
proficiency in counting at all, have adopted a radix, or 
turning point, after which no new symbols are used; and 
farther numbers are expressed by the combination of old 
symbols, and by the positions which they relatively occupy. 
This radix has in all civilized nations been the number 
ten ; not that that is the most convenient number, (twelve 
would be the most convenient), but because the system was 
adopted while they were still in a savage state, and did 
not reason on its convenience or inconvenience for elabo- 
rate computation. They were led to employ the number 
ten by reason of the ten fingers of the hand, and no doubt 
at first counted with small round stones or any similar 
substances. The words digit and calculation refer us back 
to a rude origin of Arithmetic, or rather, of counting. A 
clear and interesting explanation of numeration and nota- 
tion will be found in the early part of De Morgan's Arith- 
metic 
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2. Numeration and Notation. 

Begin at the unit figure and separate the figures into 
groups of six each. Then the figures in the second group 
will give the number of millions, in the third group the 
number of billions, in the fourth group the number of 
trillions, and so on. 

Thus, take the number 

12345678905698. 

Group it thus : 

12,34567^905698- 

It will be read as follows : 

12 billions, 345 thousand 678 millions, 905 thousand, 
698. 

N.R The rule given above is not universally adopted. 
Some writers, (all continental nations we believe), consider 
a billion to be a thousand millions, a trillion, a thousand 
billions, and so on. In this way, the above number would 
be read, 12 trillions, 345 billions, 678 millions, 905 thou- 
sand, 698. 

3. Division. 

The definition of division sometimes given in Arithmetical 
treatises, is, that it is " the process of finding how often one 
number is contained in another." This scarcely seems to 
be sufficient, for it does not include all classes of Arith- 
metical cases. For abstract numbers it is true, but not ne- 
cessarily for concrete numbers. In order to take in all cases, 
and to retain strictly Arithmetical language and ideas, it 
would seem that two definitions are necessary, as thus. 

By the division of one concrete quantity by another 
cf the same kind is meant the process of finding how 
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often the second is contained in the first, or how many 
parcels, each containing the second number of things, there 
will be in the first number of things: e. g. 12 apples -r 3 
apples. Ans. 4. 

By the division of a concrete quantity by an abstract 
number, is meant the process, by which we find, if we 
separate the first into as many equal parcels as are repre- 
sented by the second, how many units each parcel will 
contain: e.g. £2. 16^. -7-3. Ans. iSj. 8//. 

We shall return to these definitions in Note B, on the 
Division of Fractions. 

4. Arithmetical Tables. 

The following tabular results are very important, and 
are far too often forgotten. 

In Avoirdupois weight ; 

112 lbs. make i cwt. 

The lb. Av. contains 7000 grs. Tr. 

In Length measure ; 

6 ft. make i fathom. 

5 - yds. make i rod, pole, or perch. 

220 yds. make i furlong. 
1760 yds. make i mile. 

In Cloth measiure ; 

4 qrs. make i yd. 

5 qrs. make i English ell. 

In measure of Surface ; 

30 - sq. yds. make i sq. rod, pole, or perch. 
4 

4840 sq. yds. make i acre. 

1—2 
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In Cubic measure ; 

1728 cubic in. make i cubic ft. 

The following weights and measures, though not re- 
quired for ordinary Arithmetic, should be observed. 

In Length measure ; 

1 2 lines make i inch. 
9 inches make i span. 
18 inches make i cubit 

69- miles make i geographical degree. 

69 - miles is the length of -^- part of the circumference 
^9 360 *^ 

of the earth at the equator. 
In Cloth measure ; 

A Flemish ell contains 3 qrs. 
A French ell contains 6 qrs. 

In Capacity; 

A firkin (of beer) contains 9 gals. 
A kilderkin " contains 18 gals. 
A barrel " contains 2>^ gals. 
A hogshead " contains 54 gals. 
A pipe (of wine) contains 126 gals. 

Value of Coins ; 

A groat = 4//. 
A tester = 6//. 

A noble = ds, Sd. f= £^^ . 

An angel =ios, 

A mark= 13J. 4//. (=-£-) • 

A moidore = 27J. 
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In Survepng; 

Guntefs chain is 22 yds. long, and contains 
ICO links. 

Hence an acre contains 10 square chains. 
A cub. foot of distilled water weighs 1000 oz. 
A lb. of gold contains 24 carats. 

From this fact we express the fineness of gold by saying 
that it is so many carats fine \ i. e. so many parts out of 24. 

Thus, if a mass of gold were 15 carats fine, — of the mass 

24 

would be gold, and the rest, viz. — , would be " alloy," a 

24 

substance depending on the nature of the mass. 

Standard gold is 22 carats fine, the remaining two parts 

being a mixture of silver and copper. Nearly 46 - sovereigns 

4 

are coined out of a lb. Tr. of standard gold. Jewellers' 
gold is 18 carats fine. 

Standard silver contains 37 parts out of 40 pure silver, 
the remaining three parts being copper. A lb. Tr. of 
standard silver yields 66 shillings. 

24 pence are coined out of a lb. Av. of copper. 

5. Square and Cubic Measure. 

A common or linear yard is length, and measures length. 

A sq. yard is surface, and measures surface, or area. 
It is a square surface whose length and breadth are both 
a yard. The length round a sq. yard is 4 yards. 

A cubic yard is a solid, and measures solidity, or cubic 
contents. It is a solid whose length, breadth, and height 
are each a yard. 
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A cubic yard has 6 surfaces, each of which is a sq. 
yard. 

From these facts it is clear that the ideas of a common, 
a square, and a cubic yard, are perfectly different No 
amount of common yards will make a square yard. There 
is a very intimate relation between common and square 
yards, as there is between apples and pence, but as no 
amoimt of pence will make apples, so no amount of common 
yards will make square yards. 



+ ^ 
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When the length table is known the surface table can be 
formed from it by multiplying each of the figures of the 
length table by itself. 

» 

This is easy to prove. For let A BCD be a square yard. 
Then both AB and BC zxq common yards. Therefore each 
of them consists of three feet. If through the extremities of 
these feet we draw straight lines parallel to the sides of the 
square, it is clear that we shall get 9 compartments each 
of which is a foot long and a foot broad, L e. we shall have 
9 sq. ft. ; which proves the statement 

Thus 12 in. make i ft 



And 12 X 12 sq. in. make i sq. fl. 
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Again, 5 - yds. make i p. 

- - I I , A II II 121 l\ , 

And 5 - X 5 - sq. yds. f i.e — x — = = 30-J make 

one sq. pole. 

So in cubic measure, we must multiply any figure of the 
common table three times by itself to get the corresponding 
figure of the cubic table. 

For along all the lines of the above figure build walls, 
and, when the walls are a foot high, lay down a floor; 
then there will be 9 boxes each a foot long, a foot broad 
and a foot high ; that is, there will be 9 cubic feet Re- 
peat this till our walls are three feet, or a yard high. There 
then will be three times 9 or 27 cubic feet in the solid. But 
the solid is a yard long, a yard broad, and a yard high, that 
is, it is a cubic yard. Hence there are 27 cubic feet in a 
cubic yard ; which proves the statement 

Thus 12 in. make i ft. 

And 12x12x12 cubic in. make i cubic ft. 

It is easy to prove in exactly the same manner as above, 
that if we want to find the number of sq. ft. in any area, we 
must multiply the number of feet in the length by the num- 
ber of feet in the breadth. So we can find the number of 
cubic feet in a solid by multiplying the number of feet in the 
length, the number of feet in the breadth, and the number of 
feet in the height, together. 

It must be remembered that length cannot be multiplied 
by breadth. We are however at liberty to use the expres- 
sion " length X breadth = area," if we understand that we 
are using an abbreviation, in order to avoid the continual 
repetition of a long phrase. The same is clearly true for 
cubic measure. 
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Length cannot be multiplied by breadth, because that is 
contrary to the definition of multiplication. Nor could 
length and breadth be said in any arithmetical sense to make 
area. We shall return to this point in Note A, on the mul- 
tiplication of fractions. 

The following three formulae are sufficient for all ques- 
tions in square and cubic measure : — 

/x h^a (i), 

ly^b y. h = c (2), 

ay.h = c. (3), 

where either /, ^, hy stand for length, breadth or width, 
height or depth, or thickness ; a stands for area or surface, 
and c for cubic contents, or solidity. 

Ex. There is a room which is 12 feet long, 9 feet broad 
and 8 feet high. Find 

1. The area of the ceiling. 

2. The area of the walls. 

3. The area of the whole of the interior of the room. 

4. The length of the sum of all the edges of the 

room. 

5. The length of a beading round the ceiling. 

6. The area of a cornice, three inches broad, in the 

ceiling round the room. 

7. The area of a wainscoating, nine inches broad, 

in the walls round the floor. 

8. The thickness of sand laid evenly over the floor, 

the cubic dimensions of the sand originally be- 
ing 8 ft long, 6 ft broad and 8 in. deep. 

• 9. The cubic contents of the room. 
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6. Least Common Mtdtiple, 

One of two methods must be carefully insisted on. 
Either the " divisors " must all be priffie, or care must be 
taken to divide each number by the largest number that will 
divide both it and the " divisor " in question. In the latter 
case the " divisor " must divide one at least of the numbers 
exactly, in order to ensure a. correct result 

Ex. L.aM. of 2, 3, 6, 12, i8, 20, 25, 27, 32, 45. 

First Method. 

2k, ^» ^» 12, 18, 20, 25, 27, 32, 45. 



2 6, 


.ll, 


10. 


25. 


27, 


16, 


45- 


3 


^ 


^ 


25, 


27, 


8, 


45- 






3 


25, 


9. 


8, 


15- 



25, 3, 8, S.- 
Ans. =25x3x8x3x3x2x2 = 21600. 

Second method. 

12 U, ^, ^, 12, 18, 20, 25, 27, 32, 45. 



i» ^» K, 25, 9» S» 15- 



25, 3, 8, 5,. 
Ans. =25x3x8x3x12 = 21600. 

Thus in the 2nd line of the 2nd method, under the 18 
we put a 3, because the largest number that will divide both 
18 and the "divisor" 12, is 6, and 6 will divide 18 with 
quotient 3. Again the largest number that will divide both 
20 and the "divisor" 12 is 4, and 4 will divide 20 with quo- 
tient 5 : so that we place a 5 under the 20. And so on. 

It is clear that the second method is shorter, but requires 
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considerably more thought and care. The first method is 
perfectly safe. 

There is a third method, which maybe called the method 
of inspection, which is far the quickest and simplest, but 
perhaps it is better not to teach \tas a rule till the elements 
of Algebra have been mastered. It consists in writing 
down the continual product of the numbers in order, each 
number in the form of the product of its prime factors*, only 
taking care to reject at each step those simple factors which 
have already appeared as factors of the l.cm. Thus in the 
above example, 

L.CM.=2 I X3 I I X2 I X3 I X5 I X5 I X3 I X2X2X2 | | 

= 21600. 

We have inserted cross lines, not because they are neces- 
sary, but to mark the course of the reasoning. Thus in the 
above l.c.m., it will be seen that we write down the first 
number 2 and the next number 3 ; the simple factors of the 
next number 6 are 2 and 3, both of which we reject because 
we have already written them down. 

Of the next number 12 we only write down the simple 
factor 2, because we have already accepted the other two 
factors 2 and 3. So for the next numbers 18, 20, 25, 27. 
Of the number 32, we want only three of its five factors 2, 
as we already have two. Of the last number 45, we want 
no simple factors as we have used all of them, viz. 2, 3, 5, 
already. For the sake of practice, we will work out the l.c.m:. 
again, taking the figures this time in an opposite order, 
namely, from the end to the beginning. 

* By a ** factor" of a number is meant a number that will exactly 
divide the number in question. Thus 3, 3, 4, 6, are factors of 13. Also 
I and 12 are called factors of 12. 

By a prime number is meant a number that has no factors but itself 
and unity. Thus 2, 3, 5, 7, 11, 41, are prime numbers. 
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L.C.M. = 3x3x5! X2X2X2X2X2|x3|x5| [ | j 

111= 21600. 

Fractions. 

7. Definition, The fraction of a quantity is a part of that 
quantity. Its size is determined by finding into how many 
equal parts the quantity must be divided, and how many of 
those parts must be taken, to obtain the part in question. 
Thus if we divide an apple into five equal parts and take 
three of them, we shall obtain a certain fraction of the 

apple. It is called three-fifths, and written - . 

The lower of these numbers is called the Denominator 
(Nomen = name), and shews into how many equal parts the 
whole is divided, (and therefore the size of the equal parts) ; 
the upper is called the Numerator (Numerus = number), and 
shews how many of these parts are taken to form the 
fraction. 

In fact, in three-fifths T- j , three is the number ^ and fifth 

the name of the equal parts taken. So in 7 shillings, seven 
is the number, (and might be called the numerator), shilling 
is the name, (and might be called the denominator). 

• From- the definition above given, it is clear that the nu- 
merator must be less than the denominator. As however in 
arithmetic we also use the word fraction in a somewhat 
different sense, and in such a case the numerator is equal to 
or greater than the denominator, the fraction as above 
defined is called a proper fraction. If however we allow 
ourselves to make use of a fraction whose numerator is equad 
to or greater than its denominator, it is called an improper 
fraction, for it is clear that if the numerator is equal to the 
denominator, we are really not taking a part of the quantity, 
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but the whole quantity. Again if the numerator is greater 

than the denominator (e-g. - j it is clear that the expression 

" the fraction of a quantity " is a confusion in terms (for we 
could not divide a quantity into 7 parts and take 9 of them). 
In such a case we must suppose any number of quantities, 
divide them each into the required number of parts and take 
the required number of those parts. 

From this it is manifest that an improper fraction is 
equal to (if the numerator = the denominator) or is greater 
than (if the numerator is greater than the denominator) the 
whole quantity. 

N.B. We have here slightly departed from the language 
of Arithmetical treatises, which call a fraction whose nume- 
rator is equal to its denominator a proper fraction. 

. Another definition of a fraction as arising from the first, 
is sometimes added, viz., that it equals the numerator divided 
by the denominator. We do not think the proof is quite 
satisfactory without generalizing the meaning of our words 
in a manner not fitting to pure arithmetic, nor do we think 
this the right place either to prove or adopt another defini- 
tion. We shall retiun to this in the articles on Division of 
Fractions, merely stating that it will not be necessary for us 
to use this second definition till then. 

8. To reduce a mixed number to an improper fraction^ 
and conversely, 

Ex. 35=3ii7±S^li±S^£6, 
7 7 7 7 

7 21 

For I (= 7 sevenths) = - , therefore 3 (= 2 1 sevenths) = — , 

-if 5 21 + 5 26 
therefore 3- = = — • 

7 7 7 
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So on the other hand ^ = 7 ^ . S>> 39 (.7 

5 5 35 

4 

For 1 = 1, therefore — = 7, therefore — = 7 - . 
5 5 5 5 

9. To multiply a fraction by any whole number or in- 
teger. 

Rule. Either multiply the numerator or divide the 
denominator by it 

Thus ^xs = lS. i.x4-|. 
7 ^ 7 24 ^ 6 

The first rule is clear, for as 3 apples multiplied by 
5 is 15 apples, so 3 sevenths T-J multiplied by 5 i 

15 sevenths (— ). 

The next rule may be explained thus: we may mul- 
tiply — by 4, either by taking four times as many twenty- 
24 

fourths, or by taking the 5 parts each four times as large. 

fn-H 



is 



I I 11 I I I I I II 1 I I I M I I M I I 

But, as we see in the figure, a sixth is four times as large 
as a twenty-fourth, (for we may divide the 24 parts into 

six groups of four parts), therefore — x 4 = | . 

10. To divide a fraction by any int^er. 

Rule. Either divide the numerator or multiply the de- 
nominator by it 
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Thus, 1^^2 = 5 i^3 = ^. 
7 7' 5 '^ IS 

The first rule is clear, for as lo apples divided by 
2 is 5 apples, so lo sevenths T— j divided by 2 is 

5 sevenths ( - j . 

The next rule may be explained thus : we can divide 

2 . ■ . 

- by 3, if we take the two parts each a third of their 
original size ; but a third of a fifth, as we see in the figure, 
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n I M I I t 



II 



is a fifteenth, therefore - -^ 3 = - . 

5 IS 

II. To reduce a fractiofi to lower terms. 

Rule. Divide both numerator and denominator by the 
same number. 

Thus, — = -. 
15 5 

The reason of this rule might easily be gathered from 
the second part of Art 9. We will however prove it in- 
dependently. 

f\ 

— of a quantity is obtained by dividing it into 15 

parts, and taking six of them. But we shall obtain the same 
result if we take only a third of the number of parts when 
each of the parts is three times as large. But a third of 
the number of parts gives us 2 parts. And if the parts 
are three times as large (see figure) they will be fifths, 
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IS 



I 11 I M I 



1 II I I I 



for we may divide the 15 parts into 5 groups of 3 parts 

each. Therefore — = - . 

15 5 



Ex. 



22176 __ 11088 _ 5544 _ 2772 __ 1386 
23328" 11664"" 5832 " 2916 ~ 1458 

693 231 



77 
8?* 



729 243 

Practical Rule. Divide numerator and denominator by 
2 as often as possible, then by 3 as often as possible, 
similarly by 5, by 7, and by 11. Find the g.om. only as 
a last resort 

Rules are given for finding when a number is divisible 
by 2, 3, 5, and 1 1 in Art. 44. 

N.B. If the numerator and denominator of a fraction 
be separated into such factors as can easily be seen by- 
inspection, we may in almost all cases avoid finding the 
G.CM. This is perhaps not a good method to teach those 
who are beginning fractions, but it will be found the shortest 
means in the end. It is an excellent method of detecting 
errors and checking work. Numerous rules may be given 
for accelerating the work of splitting a number into its 
prime factors. 

12. Division of concrete numbers by integers, 

Ex. I. Divide X9. 7^. 3|^. by 4. 

£. s, d. 

4I9 7 



Z\ 



2 6 9i^ 



I 13 

3-^4 = — -r4 

■'i6' 



i6 



Ex. 2. 
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Divide S,^. 


8j. iA^. 


by 


6. 








£. 


s. 


d. 












6 7 

I 


8 
4 


8A 




i-S. 

II 


+ 6 = 

i6 
"66" 


i6. 

• 

II 

8 
33 


6 



13. 71? r^^«^^ fl5 compound fraction to a simple one. 
Def. a compound fraction is the fraction of a fraction. 

Rule. Multiply the numerators together for a new 
numerator, and the denominators together for a new de- 
nominator. 

Thus, ^of^ = -. 
3 5 IS 

For - of - is the same as - -f 3, and is therefore 
3 5 5 

equal to — by Art 10. Therefore - of - , which must be 
^ IS -^ 3 5 

twice as great, will equal — . 

Or we may prove it independently thus : 

In order to obtain - of -, we must divide each of our 

3 5 

four fifths into 3 parts, and take two of them. But if we 



n 



n 



IT 



IT 



Tr 



divide a fifth into three parts, each resultant part (see figure) 

2 

is a fifteenth. Taking then two of these parts we get — . 
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As then each fifth gives us -r , - will give us — . There- 

fore ^ of - = — . 

3 5 IS 2 

^ 3 

Ex. 35of 2iof 4of47=§of^of^of^ 

^i8 
5 

= 3 - . Ans. 
S 

" Cancelling,", which we have adopted above, is nothing 
but another name for reducing a fraction to its lowest terms, 
and consequently the rule for cancelling is to divide nu- 
merator and denominator by the same numbers. 

13'. To reduce fractions to their least common deno- 
minator. 

We have . proved that we may divide the numerator and 
denominator of a fraction by the same number, without 
altering its value j and it is clear that we may multiply the 
numerator and denominator of a fraction by the same 

6 2 

number, without altering its value. Thus, - = - , and 

^ 9 3 

1 2 6 

also - = - . 

3 9 

Suppose we wish to reduce the fraction - to the de- 
nominator 42. Since the denominator 42 is derived from 
the denominator 7 by multiplying 7 by 6 (42 -f- 7 = 6), the 
new numerator will be derived from the old numerator 4, 

by multiplying it by 6. Therefore - = ~ . 

7 42 
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Hence we get the rule for reducing fractions to their 
least common denominator. ' 

Rule. Find the l.c.m. of all the denominators (as that 
is the smallest number that all the denominators will divide 
exactly), and take this for the common denominator; for 
the new numerators, multiply each numerator by the quo- 
tient obtained by dividing the common denominator by its 
own denominator (as these quotients will be the numbers 
by which we have multiplied the respective denominators). 

The object of this rule is to add together, or to subtract 
from each other, fractions of different denominators. We 
know that 3 apples + 5 apples ^ 8 apples \ 3 pears + 5 pears 
= 8 pears ; but we do not know how to express more 
simply 3 apples + 5 pears, because these are of different 
denominations. If, however, we were told that 3 apples 
were equal to 15 nuts, and 5 pears to 20 nuts, we 
should then know that 3 apples + 5 pears would be equal to 
35 nuts, because we have now reduced the original de- 
nominations to the same denomination. So in fractions, 

we know that - + - (3 sevenths + 5 sevenths) = - , and 

that ^ + - = - : but we do not at once know what ^ + 5. 

9 9 9 7 9 

are, because these are of different denominations. But by 

the above rule, 

3 = 3^19^^. 5^7x5^35 . 
7 63 63 ' 9 63 63 ' 

*K *? 27 X^ 62 

therefore -+-=,+;;-- = f" > because we have now re- 
7 9 63 63 63 ' 

duced the original denominations to the same denomi- 
nation. 
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Simflar remarks may evidently be applied to sub- 
traction. 

14. Addition of fractions. 

Ex. Simplify 2^ of 3^ + ^ + 2^ of 4| of i| + 4- 

of — of 2 o of I - . 
IS 8 7 

2^2 II ^11 121 I 
2- of 3-* of = =? 10 . 

4 3 4 3 12 12 
III _ 15 

2nf4iofi|=^^off ofH=^ = ,5l4i 

5 ^8 85 ^ 8 160 ^^ 160 

4 

4- of — of 2 ^ of I - = -^ of c^ of -— of ^ = — = I -. 

3 15 S 7 3 X^ ^ ^ 9 9 

3 H 

I 15 141 8 

.-. Ans. = io — +S-z+^5 -Z- + I- 
12 *^ 16 160 9 



=31 


120+ I 


35 


0+ 1269 


+ 1280 






1440 




=31 


4019 
1440 








= 33 


1139 
1440 









N.B. If it is preferred, the following method of doing 
the above example may be adopted. 

2 — 2 
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7 ^ V 

4 3 ^ 

X 

121 III 2541 17 

12 16 160 9 

I 15 141 8 

= 10— + 5 -y+i5-7-+ I- 

12 ^^ 16 ^ 160 9 

120 + I'K^O + 1269 + 1280 
= 31 ^^ 



= 31 



1440 

4019 
1440 



33 1440 • 

The same method might be applied in Ex. 3, Art. 15, 
instead of the one there employed, and in other Arts. 

15. Subtraction of fractions. 

Always work with mixed numbers as in Addition. When 
this is not possible, proceed as follows : 

■r. 15 3-10 15-10 5 . 

Ex. I. 7--2§ = S^ = 4-^ =4 — . Ans. 

'4 6 12 12 12 

Ex.2. o-2^«7- 2*6^^ = 6-. Ans. 
^55 5 5 

In cases of many additions and subtractions in the 
same sum, never insert brackets. They are useless. The 
best rule is ; add the fractions or numbers that have to be 
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added, and add those that have to be subtracted; then 
subtract the latter result from the former. 

Ex. 3. Simplify 

5--2§-3— +-^-l6-+3 — + 8;r. 

^5 6*^10 2 4*^12 8 



5 *?*3i.»i.5^6i.,i.8 



24+60+10+ 15 

= 22 — 

120 



100 

22 \ 

120 



5 3 a^ 50+18 + 15 
2^ + 3 — + 16 - = 21-^ 

6 "^ 10 4 60 



.'. Ans. = 22 









60 








-22^^- 
"60' 


109 
120 


22 


23 
60 


109 - 46 
120 

63 
120 

21 

40 



16. MtUtiplication of fractions. See Note A, and the 
next article. 

17. Division effractions. See Note B. 

The whole theory of multiplication and division may 
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be dealt with and illustrated in many different manners, 
more or less simple. Some of these will be discussed in 
the notes at the end of the volume. Whatever plan of 
explanation be finally followed, it is clear, however, that 
for beginners, the theory should be made as short and 
simple as possible, and all complex, or even exact reasoning, 
on a subject so confessedly difficult, be left, till they have 
attained a much riper age. The following would seem to 
be sufficient at first 

Def. If we multiply the numerators of two fractions 
together for a new numerator^ and the denominators together 
for a new denominator^ we are said to multiply the fractions 
together. 

Since division reverses multiplication, the rule for 
division of fractions will be to invert the divisor^ and 
multiply. 

1 8. Since by the above rule of division of fractions 

5 7 5^5 
•^ ' I I I 7 7 ' 

we get a new definition of a fraction, namely, the nu- 
merator divided by the denominator. 

19. To find the value of a fraction of a concrete quantity. 

Some latitude of working should be allowed here. 
However, a very general rule can be given not to reduce 
to lowest denominations. This is almost always a tedious 
and unnecessary method. We will give a few examples. - 

Ex. I. Find the value of £7. 9J. Z\d. x 3 - . 
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£. 


S. 


d. 




£. 


• J. 


d. 


7 


9 


8i 
3 


Ans. 


7 


9 


8i 
2 


22 


9 
19 


2i 

10^ 


5h4 


19 


5i 


2 


2 


19 


1 0/0 


25 


9 


oM 





Ex. 2. Find the value of £7. 9J. 8f ^. -r 5 ^ . 

£• X. d, 

oa 3 • 28 . 5 

7 9 8f-rS^, Lc-r — , 1-e.x^. 



28 1 37 8 7i 



I 6 8i Ans. 



5 

23^-5- 28 = ^X 

3 3 



I 

\ 

2 



S 
6' 



. 7 



Ex. 3. Find the value of £7. 9J. Sid. -r ^ . 

£. s. d, 
7 9 



8i-f-^, Le. X-—, i.e. x3^ 
20 



26 

7 



5 
7 



£. s. d. 

7 9 8i 
3 



£. J. ^. 

7 9 8i 
5 



22 



H 



5 6 iiH 
27 16 lA Ans. 



7 37 8 7i. 



5 6 II" 



3^ 



,o5 



Ex. 4. Find the value of -^^ of - 
^ 21 

7 2 



2^of " 



23 



540 



of 2 7 J. 
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H r 7 r 77 /• 
^^ of — s- of -^^ of 27J. 

4- 7^ 540^ , 

^5. 7 ^ 

^x 

3 



3 


• 


2 
= 4-.. 




= 4f . 8^. 


Ans. 



20. 57? reduce one quantity {or the fraction of one quan- 
tity) to the fraction of another {or of the fraction of another). 

Ex. I. Reduce 3 cwt. 2 qrs. 3 lbs. to the fraction 
of a ton. * . 

cwt qrs. lbs. ton. 

.32.3 I 

• 4 20 

; 14 qiS. 20* cwt 

28 112 



115 2240 lbs. 

■ 28 
395 lbs. 

■ . 

395 
.'. 3 cwt 2 qrs. 3 lbs.= of i ton 

**. . ** 2240 

7Q 
- of I ton. Ans. 



448 
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The reason of this is clear. For, since i lb. is 

2240 

of 2240 lbs., therefore 395 lbs. is -^^^ of 2240 lbs., Le. 

^^^ 2240 ^ '. 

3 cwt 2 qrs. 3 lbs. is ^ (or ^) of i ton. 

Ex. 2. Reduce § of i - of los. 71^. to the fraction of 

8 2 " 

£4, 4s. 4\d, 

s, dm £» S, dm 

10 71 4 4 41 

12 20 



127^. 84^. 

2 12 

255 half-pence. 1012^. 

2025 half-pence. 
./. I of I i of loj. 7|//. = I of I i of --^ of £4. 4J. 4|^. 

o 2 o 2 202^ 

17 

IS 
= — ^ of £4. AS. AuL Ans. 

240 -r -T- -ra 

Here again, since lox. 7|^/. = — ^^ of £4. 4J. 4|^/., 
(by the rst Ex.), therefore | of i - of loj. 71^/. =^ of i - 
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of — ^^ of £4. 4f. 4|i/., which, worked out as above, gives 

2025 

us the result — ^ of £4. 4J. 4|i/. 
240 

Ex. X, Reduce s - of £2. 2 j. 6^. to the fraction of 5 - 

of £1. 9^. 

jE. j« </• £• J. 

226 19 

20 20 

42 J. 29^; 

2 2 

85 sixpences. 58 sixpences. 

.-. 5 - of X2. 2J. 6<i^ = 5 - of y of (5^ of £.\. pj.) 
5 ^ 5^ of 58 ^3 ^ 

=^ofi.-i 



2 

= |iof(siof£.9..) 

= I -^ of ( 5 - of £1. 9x. ) . Ans. 
32 \ 3 / 



7 2 

Ex. 4. Reduce - of £i - - of 2ij. to the fraction 

9 5 

of loj. 6/all 

7 2 

- of 20 of 21 

- of £1 of 2IJ. = ^ of lOf. 6//. 

^ •> 10- 

2 
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7 r ^ c 140 42 
-0120 — -0121 



Now ^ 



1 I 
10- 10- 

2 2 



^9 5 

I 

10- 

2 

25-18 

J 45 

I 

10- 

2 

.li 

I 

10- 

2 



46 

45 . 


2 




3 


92 . 




135' 




9TC = 


92 



» 2 « 

.'. - of £1 — of 2IX. = ^^ of loj". 6//. Ans. 
9 5 135 

21. Rule of precedence of the four simple rules in Arith- 
metical questions (pith or without brctckets). 

Multiplication and division precede addition and sub- 
traction. 

If any of the quantities are in brackets, of course each 
bracket (being a single quantity with respect to the rest 
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of the expression) must be simplified first, before the above 
rule applies to the whole quantity' to be simplified. 

Ex.1. 1+2x3 + 4=1 + 6+4=11. 

Ex. 2. (i + 2)x3+4 = 3X3 + 4 = 9 + 4=i3. 

Ex. 3. 1 + 2 X (3 + 4) = ! + 2 X 7 = 1 + 14= 15. 

Ex. 4. (i + 2)x(3 + 4) = 3 X 7 = 21. 

Decimals. 

22. By means of the radix ten, we are able to express 
any integers from unity upwards without limit By an 
extension of the method adopted in numeration and nota- 
tion, we are able to get a series of " decimal fractions" 
from unity downwards without limit The series of decimal 
firactions must have ten, or some power* of ten, for their 
denominators. The turning-points in this extension of the 
old system are as follows : 

thousands 

hundreds 1000 + 10= 100, 

tens 100 -f- 10= 10, 

units 10+10= I, 

tenths 1 + 10= — , 

10 

hundredths — +10= , 

10 100 

thousandths - — + 10 = , 

100 1000 

• See Note to Art 27. 
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Now in the old system for integers, in such a number 
as 1234, since that system commenced from a fixed point, 
unity, we know that the 4 of the above number represents 
units, the 3, tens, the 2, hundreds, and the i, a thousand, 
but since the extension of the system for fractions does 
not begin at a fixed point, nor end at a fixed point, we 
must know the value of some particular digit, as unity, 
in order to know the real position and value of the rest 
This is done by placing a point after the unit, commonly 
called a decimal point, as thus; 123*4567. Here then the 
3 represents units, the 2, tens, the i, a hundred; whereas, 
on the other hand, the 4 represents tenths, the 5, hun- 
dredths, the 6, thousandths, the 7, ten-thousandths (or tenths 
of thousandths). We may tabulate these results in the fol- 
lowing manner. 

A figure in the first place before the decimal point 
represents units. 

A figure in the second place before the decimal point 
represents tens, (unity x 10). 

A figure in the third place before the decimal point 
represents hundreds, (ten x 10). 

A figure in the fourth place before the decimal point 
represents thousands, (hundred x 10). 

Again : — 

A figure in the first place after the decimal point repre- 
sents tenths, (unity -f- 10). 

A figure in the second place after the decimal point 
represents hundredths, (tenth -r- 10). 

A figure in the third place after the decimal point 
represents thousandths, (hundredth -r 10). 
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A figure in the fourth place after the decimal point 
represents ten-thousandths, (thousandths- lo). 

Thus the number 123*4567 would be read, one hundred 
and twenty thfee, decimal 4567; where "decimal 4567" 
would mean 4 tenths, 5 hundredths, 6 thousandths, and 
7 ten-thousandths. 

Again, the number '007 would be read, decimal 007, and 
would mean 7 thousandths, i. e., — — . 



1000 



Conversely, -^— =*o7. 



23. From the above article, the rules for reducir^ a 
decimal to a fraction, and a fraction with some power of ten 
for its denominator to a decimal, may be at once deduced. 

3 4 7 300 + 40 + 7 

21*0347 = 20 + 1 + -^-+ — -^— + — - — =21 +^ -' 

100 1000 1 0000 1 0000 

347 



= 21 



1 0000 
Conversely, 

100^ I <0 I CI 

2_ = i + _2 + =i4._£_+ = I'005I, 

1 0000 1 0000 lobbo 1000 10000 



A • S 

Agam, II— =^— = ii*oo5. 



1000 



Hence we Stfe in a position to give the verbal results. 

To redute a decimal to a fraction. 

Rule. Write down the figures after the decimal point, 
for the numerator, and i followed by as many cyphers as 
there are decimal places, for the denominator. 
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To reduce a fraction^ whose denominator is some power of 
ten, to a decimal fraction. 

Rule. Write down the numerator of the fraction, and 
mark off as many decimal places as there are cyphers in 
the denominator. 

24. Any decimal is multiplied by 10, 100, 1000, 6^^. 
by moving the decimal point one, two, three, 6fc, decimal places 
to the right. 

Any decimal is divided by 10, 100, 1000, &*c, by moving 

the decimal point one, two, three, 6j^c, decimal places to the 

left, 

_., 12 100 12 

Thus, '012 X 100 = X = = I*2. 

1000 I 10 

A -I 2^4 1234 I 

And i'234-^ 100= I— i^-=--r- 100 = — ^^ X 

"^ 1000 1000 100 

1234 



I 00000 



= •01234. 



25. Multiplication of Decimals, 
Leave out all superfluous decimal cyphers, thus : — 
Ex. Multiply together '0003, 12 '5, 50000, 20, •0004. 

•0003 

125 

•00375 

50000 

187*50000 

20 

3750-0 

•0004 

1*5000 

Ans. = 1*5. 
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26. Division of Decimals, 

It is as well that there should be but one rule learnt 
for the division of decimals. Perhaps the following will 
be found to be the clearest and the easiest to apply. 

If the given divisor is not a whole number, make it 
80 by removing its decimal point altogether, and shift the 
decimal point of the dividend as many places to the right 
as there were decimal figures in the divisor; annexing 
for this purpose, if necessary, decimal cyphers to the 
dividend. 

Then, divide as if the given decimals were common 
integers ; and when, in the process of division, the decimal 
point of the dividend is arrived at, place a decimal point 
in the quotient. 

Decimal cyphers may be annexed to the dividend to 
any extent that may be required for carrying on the di- 
vision. 

Ex. Divide '04 by 20, -4 by '002, '0004 by '0002, 
'004 by '2, 400 by '02. 

27. To reduce a fraction to a decimal. 

Rule. Divide the numerator by the denominator. 

This follows from the 2nd definition of a vulgar 
fraction. Art. 18. 

If the denominator of the fraction reduced to its lowest 
terms, consists only of powers* of two and five as factors, 

* By the " power ** of a number is meant the product of the number 
into itself any number of times. Thus 10 is said to be the first power 
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the decimal will (i) terminate. If it has no factors of two 
or five, the decimal will be (ii) a pure circulator. If it has 
factors of two or five, or both, with other factors y the decimal 
will be (iii) a mixed circulator. 

For (i), leaving out of consideration the decimal point, 
a fraction is reduced to a decimal by multiplying the nu- 
merator by any power of lo (i.e. by any powers of 2 and 
5), and dividing the result by the denominator. Now, with 
each power of ten in the numerator, a factor of 2 and 5 
will disappear (by cancelling) in the denominator. Also, 
when the less power of either 2 or 5 is exhausted, there 
will remain a power of 5 or 2. Each factor of this power 
will disappear by means of a further power of ten in the 
numerator. Hence, if the denominator of a fraction re- 
duced to its lowest terms consists only of powers of two 
and five as factors, it is clear that the decimal will ter- 
minate. 

It is also clear that the number of decimal places in 
the decimal will equal the number of factors of 2 or 5 
in the denominator, whichever happens to be the greater. 
For every power of 10 introduced as a factor of the nu- 
merator gives one decimal place. 

Again (ii), if the denominator has neither 2 nor 5 as a 
factor, it is clear that the decimal will not terminate. For 
none of the factors of the denominator can either disappear 
with those of the nunaerator (for the fraction is in its lowest 
terms) or with the powers of 2 and 5 (i.e. of 10) by which 
the numerator is multiplied. We have now to prove that 
the decimal will circulate. 

In the division, we always bring down the same figure, 
namely, a cypher ; hence, if ever at any step of the division 

of 10, 100 the second power of 10 (because it equals 10 x 10), 1000 the 
third power of 10 (10 x 10 x 10), &c. 

3 
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an old remainder should be repeated, from that step the 
whole process will be repeated. But, since a remainder 
must be less than the divisor, the number of different 
remainders is limited. Therefore either the decimal will 
recur or will terminate. But we have proved that it does 
not terminate. Therefore it recurs. 

Also it is clear from the above, that the number of 
decimal places in the period at most is one less than the 
denominator. 

Lastly (iii), if the denominator of the fraction reduced to 
its lowest terms has factors of 2 or 5, or both, as well as 
other factors, the decimal will be a mixed circulator, the 
number of places before the period being equal to the 
power of 2 or 5 in the denominator) whichever happens 
to be greater, and the number of figures in the period being 
at most one less than the denominator when deprived of 
its factors of 2 and 5. 

The truth of the last statement will be best seen from a 
few instances. 

I f= -^-^ = ^ H- 10 = ^ - 10 = 8-3 -MO = 83. 

S ( 5 \ 500 ^25 . • . • 

-^ 1= ]-- -r 100= ^-T^ 100= 11-^6-^ 100= '11^6. 

44 \ 4 X I 1/ 44 II "^ *^ 

371 / 371 \ ^ XJ± 

II2S\ 125x0/ II 



000 2068 

'- lood = — ^ — -^ 1000 



5^9/ 1125 9 

= 3297 -r 1000 = '3297. 

The object of the form given to the fractions in the 
brackets is to indicate the reason of selection of the ensuing 
powers of ten, by which we multiply numerator and deno- 
minator. 
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The last example gives us the period as large as it 
can be, viz. one less than the denominator when deprived 
of its factors of 2 and 5. 

All the above results, with others of somewhat less 
importance, and greater difficulty of arithmetical proof, are 
tabulated in Art 44. 

28. Proof of the rule for redtuing a cirailating decimal 
to a fraction. 

First, for a pure circulator, as '37. 

•37 X 100 = 37-37 

= 37 + -37i 
.-. -37 x99 = 37; 

• • '?7 

.-. -37= — . 
99 

This agrees with the rule. 

Next, for a mixed circulator, as '347. 

•347 X 10 = 3*47 

= 3 — (by the above) 
99 



3 X 99 + 47 




99 




3(100-1) + 


47 


.99 




347 - % . 




99 ' 




347-3 





••••347= 990 

This also agrees with the rule. 

3—2 
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g • 9 I '0 

20. 0=^=1, •00=-^= — = •!, •000 = -^ 

^ ^ 9 ^ 90 10 ^ 900 



= -01, &C. 



100 

Hence, generally, the period 9 at any place of decimals 
may be replaced by a one of the preceding place. Thus we 
can assert at once that 

•49='5> 749 = 75» -1249= '^25, &c. 
30. It is well to remember that 



1 farthing =i= -25. 
4 

I halfpenny = - (= -50) = 'S- 



2 

3 farthings = ^=75. 
4 

I ^ I 

And of course, conversely, -25 = - , 75 = ^ , '5 = - • 

442 

31. To find the value of a decimal of any given 
quantity. 

It is well, in finding the value of a decimal of a given 
quantity, when the decimal is a circulator, if the period 
is a long one^ generally to reduce to a fraction, if short, 
to work in decimals. We will give an example of the 
latter. 

Ex. Find the value of 2*145 of ss. S^d. 

5J. Sid. 
12 



6Sd. 
4 



275 farthings. 
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2*14545 
275 



1072727 
1501818,1 
429090,90 

4 I 5 ^9 '99999 
12 147-49999 



12-3 
Ans. = I2X. 3-49^/. = 1 2J. 3*5^/. (by Art 29)= 12^". 3^.* 

On examining the above, it will be observed that the 
proper corrections are introduced throughout, arising from 
the recurrence of the period. This of course is necessary 
to ensure a right result. Observe also that the whole result^ 

589-999 farthings is divided by 4, as we never give 

answers in decimals, or fractions, of farthings, 

N.B. The answer above in farthings is 589*9, i.e. 590 
farthings = \2S. 3^^/. This is a rather shorter and better 
method than the one adopted. As however we wished to 
shew a general method, and this immediate simplification 
only applied to the particular case, we purposely avoided it 
No other period but 9 could have been thus simplified. 

32. It will be found convenient in working decimals to 
remember the following result : 

i = -142857. 

Now the order of largeness of the above figures is 
i> 2, 4, 5, 7, 8, and it will be found that if we begin 
with these figures respectively, and take the period in the 
same order, we shall get the values of the fractions 

* The commas are introdHced to point out where the process of 
multiplication usually stops. 
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2 *? 4 •? 6 . , ^, 

->-->->■>- respectively. Thus, 
7 7 7 7 7 ^ ^ 

' 2 • • 

-=•285714, 

I = -428571, 

4 • . 

y= -571428, 

1 = 714285, 

6 

and - = -857142. 

7 

Conversely, any one of these decimals may at once be 
reduced back again to a fraction by considering the order 

of merit of the figures of its period. Thus, '571428 =- , 

because 5 is \ht fourth largest figure of the six figures of the 
period. This is not arbitrary, but follows from Arts. 27 
and 44, since the period contains the greatest number of 
figures possible, viz. one less than the denominator. 

Example : 
•285714 of X30 + 6 •857i42£ + *6 of 714285 

• • • 

of •6£+ 1*3 of •428571J. 

= - of £30 + 6 -£ + c of ^ of ^£ + I i of ^s. 
7 7^75. 37 



^7 7 



1 .^ 
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39 



= £15. 14 -J. + - J. 

= Aig. 14-J. 
7 

2 

= £15. 14^. lo-d, Ans. 
32'. Reduce to a decimal accurate to 5 places. 



I 
I 



\5 3.5"^ 5-5* 7-5' "*" */ 



239 



= •2, 



= •04, 



Ta = '008 ; 

I ^ 

-7 = '0010, 

5 



3-5 



8 



= •00266666. 



^=•00032, 



= "000064, 



-= '0000128; 



-^= -00000256, 

I 

— = '000000512 



7-5' 



= '00000182. 



9-5 



-= -00000005, 



= •2, 



• The dot in the denominators implies multiplication. 5' denotes 
5^5^5; 5^5^S^5^5^5> ^^^ so on ; so that 5' is the third power, 
5^ the fifth power, of 5, and so on. 
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= '000064, 5 = -00266666. 



5-5* ^ 3-5' 

— r = -ooooooos, — - = •00000182. 

9-5' ^ 7-5' 



••• - + — 5 + — 9 = '20006405 : .•. — 5 + — :=*oo266848. 
5 5-5 9-5' ^ 3.5 7-5' 

I I I I 

5 3-5 5-5 7-5' y/^v^:)/ > 

.•. i6( 3 + — > 1+ ... ) = 3'i5832oi2. 

V5 3.5 5-5 7.5' ; "J D ^ y 

= •01673640 ; 



239 

, /I I I I \ 4 

.•. 16 ( i + — 5 ,+ ... ) — =^ = 3*i4i59272; 

\5 3.5 5-5* 7-5' / 239 ^ "^ ^^ * ' 

.'. Ans. = 3'i4i59. 



Proportion. 

33. Proportion is usually taught by the method of 
" statement" There are several advantages arising from 
the use of this method. It is the neatest, it is the shortest, 
it can be as easily taught as any other method with respect 
to getting out right answers^ it is the method universally 
required from a business man, so that it would be a dis- 
grace not to know how to "state a rule of three sum." 
There is also the "common sense" method which has this 
inestimable advantage, that those who use it understand 
the reason of the steps, which we cannot, we are afraid, 
generally predicate of those who use the statement 
method. 
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As, moreover, Arithmetic should appeal to the reason, 
and not merely to the memory, it would seem well to teach 
the common sense method, and afterwards indicate the 
method by " statement," by going through a few examples. 
We will work a sum by the rule of common sense. 

Ex. If 30 cwt. are carried 15 miles for £5. 8x. 9^/., 
how far ought 80 cwt. to be carried for £29? 

If 30 cwt for 1305^/. are carried 15 miles; 

,\ I cwt for 1305^/. is carried 15 x 30 miles; 

« 

.'. I cwt for id, is carried — — — miles; 

1305 

.*. 80 cwt. for \d, are carried — - — ^3- miles ; 

1305 X 80 

.. , , , -1 i'5x'iox6o6o .- 

.'. 80 cwt. for 6960//. are carried -^ — 5 miles ; 

^ 1305 X 80 

30 
••• Ans. = ^^4^^ \ ^^ °^iles = 30 miles. 

The rules to be observed are : 

1. Write down what you are told. 

2. Write it down in such a manner that that comes 
last which is the same kind of thing as the answer. 

In the statement method, the rules are : 

1. The third term must be the same kind of thing 
as the answer. 

2. The other two terms (which are compared) must be 
of a like sort 
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3. If the answer is greater than the third term, put 
the greater of the two like things in the second place; if 
less than the third term, put the less of the two like things 
in the second place. 

4, Mnltiply the second and third terms together, and 
divide by the first This will give the answer. 

E.g. If 5 yds. of cloth cost i2j., what would 15 yds. 
cost? 

yds. yds. j. j. 

S : 15 :: 12 : Ans. 

3 
.•. Ans = -^^- J. = xds, — £1, i6s. 

This is the right statement. The following, though it 
will bring out a right answer, has no meaning, and should 
never be allowed. 

yds. s, yds. s, 
5 : 12 :: 15 : Ans. 

It has no meaning, because no arithmetical comparison 
can be instituted between 5 yds. and i2J., &c. 

We will give an example of double rule of three by 
the statement method. IVo other statement should ever be 
allowed. 

If 12 persons spend X160 in 4 months, how many will 
£853. 6j. M. last for 8 months? 

£. £. 



160 : 853- 

3 

per. 




per. 


:: 12 ; 


: Ans. 


mo. mo. 




8 : 4 
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2 

r2x85i ^x4 XXxX^?)^xH 

•. Ans. = 2 ^o — persons = V^v -^--rr^ persons 

loo X 8 *^ ^)^^ X ^ X ^ ^ 



= 32 persons. 



Rules reducible to Proportion. 

34. All the money rules, called Interest, Discount, 
Brokerage, Stocks, and Profit and Loss, are only propor- 
tion applied to particular subjects, which involve new 
definitions. Hence, when the definitions and nomenclature 
are thoroughly understood, these rules can contain no fresh 
difficulty. 

35. Simple Interest* 

This rule introduces the following words : Interest, 
Principal and Amount. The Rate of Interest is the interest 
on Xioo for i year. Let us now solve two or three 
questions. See Note C. 

Ex. I. Find the amount on ^£250. i2J. dd, from 
March 26, 1840, to Oct. 31, 1842, at 3 per cent. 

From March 6, 1840, to Oct. 31, 1842, is 2 years, 

J 210 3 

219 days = 2 —^ years = 2 - years. 

£250. I2J. 6^. = X25o|= £^^. 
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First, find the interest. 

If £ioo in I year gains £3 ; 

.•. £1 in I year gains £- - ; 



100 



«2oo5 . . «3 X 2005 
.*. *— H-^ in I year gams L~ §-\ 



401 



£—5-^ m -^ years gains £^ — ^^^^ , ^ 
8 S'' ® 100 x8x^ 

= ^£-^-^ = £19. loj. iiV'o//. Int. 
800 ^ 

Add £250 12 6 Principal. 



Hence we get £270. 3J. 5Jl//. Amt Ans. 

N.B. It will be found convenient, generally, if not 
always, to work in <£'s and fractions of £'s as above, and 
not to reduce to lower denominations. 

It is as well to observe that an easier plan of finding 
simple interest or amount can generally be adopted than 
the above, viz. by the ordinary rule, which is, to multiply 
the principal, the no. of years, and the rate per cent, 
together, and divide by 100. This will give us the interest. 
The reason of this rule will not require explanation. Thus, 
in the above, example, 

215077 X 3 X 2 - 
lDt. = £ ^ 5^^2005x3x13 

100 100 X 8 X 5 



The reason that we have not employed this method is partly 
because it is of limited application, and partly that it may 
be thoroughly seen in all cases that Interest and the other 
money rules are not new rules, but only various applications 
of proportion adapted to new definitions. See Art. 34. 
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It might be asked, **Why cannot we find the amount 
at once in the last sum, beginning thus : 

If £ioo in I year amounts to .£103, &c. ?" 

The answer is, that no proportion is true which involves 
at the same time years and amount. This can easily be 
proved, for it is clear that, though interest increases in the 
same proportion as the length of years, amount does not, 
because a part of it (viz. the principal) remains stationary 
during the time. Thus, £100 at 5 per cent, in i year 
amounts to £105 ; in 2 years to £110, not to £210. 

Ex. 2. At what rate will £220. 12^". 6d, become 
£240. 4s. 8f^. in 3- years? 

Here, £240. 4s. 8f^. is amt. But years and amount 
cannot exist together in a proportion sum. Subtract there- 
fore the principal from the amount to get the interest. 
Thus, we have £220. I2J. 6^f. gains £19. 12s. 2|^/. in 

1 

3- years. 

3 

£220. i2s, 6^. = £22o| = £-^.^^. 

o o 

£19. i2s. 2%d. = £ig^ = £^. 

^ ^ ^18 18 

If «£-^ m — years gams £^ ; 

.-. £1 in — years gains £-|^^-— 7- ; 
3 18^ 1765 

'ic'i X 8 X 'Z 
.-. £1 in I year gains £ o - --> — — ; 
•^ ° 18 X 1765 X 10 
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.'. Xioo m I year gams irrt, — r:c>^s:— ^-J- 

3 3 

2 

.•, Ans. = 2 - per cent, (for we have found the interest 
on £ioo for i year, i.e. the rate). 

2 

Ex.3. What sum at 4- percent, will become £49. oj. 5{^. 

u 

m 5 - years? 

Here we have given the amount, but cannot find the 
interest, as in order to get it we should have to subtract the 
principal which we have to find from the given amount. 
Hence, we must seek some other way to get out a true 

answer. Let uls find the amount on £100 for 5 - years 

2 

at 4 - per cent. 

3 

X^^x5-x4- 
Interest will be X ri~ 

X ^ 2 

2 



.•; Amount = £124-. 
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The question is thus reduced to the following : If £ioo 
amounts to ^£124- , what sum will amount to £49. qj. t^\d^ 
This is 2i. proportion sum, as we have got rid of years. 

£49. 9^. 5^^. = £49 -^ = £^1 . 
^ ^ ^ 320 320 



If j£i24- is the amount on jCioo: 
2 



/> . , /jioo X 2 

.'. jbi IS the amount on £ 

249 



i 



63 

5 )5.XX^ 

320 X^^ X SiX^St 

= £391 "js, 6d, Aris. 

N.B. The practical rule for solving interest questions 
involving amount is thus found to be : If possible, get rid 
of amount, by means of the data (i. e. by subtracting interest 
or principal from amount). If not possible, find the Amount 
on £100 for the given time at the given rate. 

36. Compound Interest 

Here the process adopted by us all through the latter 
rules may be employed. But a far shorter method is to 
take the ordinary rule and work by decimals. 
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Ex. I. Find the amount of ^£95. 16^. %d, for 2 years, 
at 2- per cent, comp. int. 

95 16 8 

2i 



191 13 4 

47 18 4 

2*39 II 8 
20 



7-91 
12 

1 1 '00 



.". Amt. for ist year = ^£95. i6j. 8//. + £2. yj. 11^. 
£98. 4f. *]d. 



£, J. 


d. 




98 4 


7 
24 




196 9 


2 




49 2 


3i 




2-45 II 


51 




20 






911 




12 






I'37a- 




37 


I 

2 


3 
_%,, I _3 
2 ^^^ "" 8 • 

4 



.'. Amt. for 2 years = £98. 4J. 7V. + £2. 9^. \\d. 
£100. 1 3 J. 8S^. Ans. 
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Ex. 2. Find the comp. int on X225 for 3 yfears, 

at 3 - per cent. 
4 

£225 

675 
16875 

8437s 

/. Amt. for i3t year = £225 + £8-4375 « £233-4375. 

^233-4375 

31 

7003125 

175078125 



875*390625 

.*. Amt. for 2 years = £233*4375 + £8*75390625 
s £242*19140625. 

£242*19140625 

3L 

72657421875 

1816435546875 

908-2177734375 

.-. Amt. for 3 years = £242-i9i4o625 + £9-082177734375 
= £251-273583984375. 

.-. Ans.=£25r273583984375-£225=£26-273583984375 
«£26. 5J. 5i^^i/, 

This method might have been adopted in Ex. i. We 
should have to begin thus : 

£95. i6j. 8^. - £95 f-. £95-83 -£95-83333.... 
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Corrections on account of the recurrence would have 
to be introduced at the different steps. 

37. Discount. 

This rule introduces the new words, discount, bill, 
present value- 
Suppose a man borrows ^£500, with promise to pay ^£550 
in 3 years time. The ^550 is called the bill, and is the 
amount that is due to the money-lender at the end of 
3 years. The X500 is called (very naturally) the present 
value, and the difference (viz. ^50), the discount 

Supposing we want to find the present value of ^£550, 
due at the end of 3 years at 5 per cent, the question 
resolves itself into the old interest question, what principal 
in 3 years at 5 per cent, will become Xsso* For the money- 
lender might be supposed to say to the borrower, "It 
makes no difference to me whether you pay me ^550 in 
3 years (as we agreed), or whether you pay me now such 
a sum of money that if I put it into the bank at 5 per cent, 
I shall find at the end of 3 years that it has become X550." 
Hence a "bill" is only another name for amount, present 
value for principal, and discount for interest 

Ex. Find the discount on a bill of £419. I2J. i//., 
drawn March 6, at 7 months, discounted Sept. 15, at 
5 per cent. 

Here the bill was drawn March 6, at 7 months, and 
was therefore due Oct. 9 (allowing for the three days of 
grace). Now it was discounted Sept 1 5, i. e. 24 days be- 
fore it was due. Hence we have the question : 

What principal in 24 days will become £419. 12s. i//., 
at 5 per cent ? 
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£419. X2S. i/r. = X4i9-| = £ — ^. 

40 4^ 

Int on £100 at 5 per cent for 24 days • B^^— of - 

73 

.-. Amt«£ioo^=:£?^. 

73 73 

7324 . 
If *-^^ — IS amount on £100 : 
73 ' 

.•. £1 IS amount on £ ^: 

7324 

25 ir 

••. £ — ~- IS amount on X ^^/.'^ » 
48 %XH >< 48 

= £418. 4J. 7//. 
.-. Discount=£4i9. 12s. i/f.-X4i8. 4^. 7^. »£i. 7^. 6</. Ans. 

38. Stocks. 

This rule introduces the words, capital, stock, income, 
and such new expressions as, " the 5 per cents, are at 90." 
This expression means that X5 is the interest on £100 
stock, which is worth £90. 

All questions in stocks proper may be reduced to three 
or four primitive questions. We will solve a few ; in each 
case supposing that the 5 per cents, are at 90. 

4—2 
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Ex. I. What is the value of Xiooo stock ? 
If Xioo stock is worth ^£90 ; 

.'. £1 stock is worth £— ; 

100 

, . _ _Qo X lobb 

,\ JBiooo stock is worth £ r , ^^ 

as £900. Ans. 

Ex. 2. How much stock call be-obtained for £1000 ? 

« ■ 

If £90 will buy £100 stock ; 

.% Xi will buy £ stock ; 

90 

/. JBiooo will buy X r — -^ stock 

9^ 

= £1111- stock. Ans. 
,9 

Ex. 3. What is my income from £1000 stock? 

If £100 stock produces £5 ; 

.% Xi stock produces X— ^ 

^ . 100 

.'. Xiooo stock produces X ^^^ 

= Xso. Ans. 

Ex. 4. What is my income from investing Xiooo ? 
If X90 produces Xs ; 

.'. Xi produces X—: 

^ 90 

/. Xiooo produces £- — r — -^ 

^^9 
= X55. iij. lid, Ans. 



ARITHMETIC, S3 

This last is done in the shortest, but not the most 
natural way. Properly speaking, we ought first to have 
found the amount of stock purchased, as in Ex. 2. This 

is Xiiiii stock. Then proceed in the same manner as 
in Ex. 3, thus : 

If Xioo stock produces £5 ; 

.'. Xi stock produces X-^ ; 

.*. £ stock produces S^rrir — ^ 

= £55. 1 1 J". i|^. Ans. 

The best method of doing examples in stocks is to 
separate each question into the events that, as a matter 
of fact, really happened, and' consider these events Con- 
secutively, e.g- 

. . • ^ . .. . . • • • 

Ex. 5. A person invests XtSiso in the 3 per cents. 

X . , , "■ I 

at 90-, and, on their rising to 91, transfers to the 3- 
4 2 

per cents, at 97 - ; what increase does he make thereby in 
his annual income ? 

First Question. He buys stock with X18150; find the 
amount of stock bought 

If £90- buys Xioo stock; 

.•.£1 buys £ ° stock ; 



J 
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SO 

/. £18150 buys £ ^ j^^^:>^ stock 

= £20000 stock. 

Second Question. This X20000 stock he sells, when the 
stock is at 91. Find how much money he gets for his 
stock. 

If £100 stock is sold for £91 ; 

.". £1 stock is sold for £-^ : 

100 

/. £20000 stock is sold for £^ — ^^^ 

^£18200. 
Third Question. With this £18200, he buys some more 

stock, at 97 - • Find the amount of stock bought 

2 

If £97 - buys £100 stock ; 

2 

.•. £1 buys £ stQck; 

280 

.-. £18200 buys £ . ^ stock 

3 

3 

= £18666- stock. 
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Since we are asked to find the difference in his income 
caused by these transactions, we must find his first income, 
when he had £20000 stock in the three per cents., and his 

2 T 

second income, when he had £18666- stock in the 3- 

' 3 a 

per cents. Hence, 

Fourth Question. If £100 stock produces £3 ; 

/. £1 stock produces £-^^ ; 

7 X 20obb 
.•. £20000 stock produces £ , . , 

= £600. 

Fifth Question. If £100 stock produces £^ ; 

7 

.'. £1 Stock produces £ — - — : 

■^ 2 X 100 

280 
... £g^gggstockproduces£ j\^y 

3 
= £653. 6j. 8//. 

Sixth Question. Hence the difference in income 

= £653. 6j. %d. - £600 

= £53. ds. Zd. Ans, 

Sometimes, when no ambiguity can arise, the word stock 
is not expressed. Thus, if it is said that a man bought 
£1000, sold £1000, transferred £1000 from the 4 per cents, 
at 90 to the 5 per cents, at 80, or had £1000 in the 5 per 
cents, at 90, in all these cases the £1000 is clearly stock. Jf 
it is said that a man laid out £1000, or invested £1000 ju^ 
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the 4 per cents, at 90, or that a sum in the 4 per cents, 
at 90 was worth Xiooo; in all these cases the J^iooo is 
clearly capital. 

39. Profit and Loss. 

The words here used are cost price, selling price, gain 
(or loss). It must be remembered that a man always gains 
or loses on the cost price. Thus a loss of 5 per cent- means 
a loss of £5 on a thing costing ^100, so that" the selling 
price would be ^95. 

Ex. I. If tea be bought at 6j. 3/f. per lb., and sold at 
5^. 7//., what is the loss per cent. ? 

Here loss on the cost price 6j. 3//. is 8</. 

If on 75//. the loss is M, 

g 
.'. on;i//. tfie loss is — d, \ ^ . 

75 

4 
.'. on loo/z. the loss is — ^J d, 

3 

« ^//,= io-//.: 
3 3 

.'. Ans. is 10- per cent 

3 

Obs. Since we are comparing 6s. ^d. and 100, they 
must be of the same kind (pence suppose), and since 
by gain per cent we mean so much on 100 of the same 

denomination, it follows that, our answer being 10 -pence 

2 

on 100 pence, we get at once the result 10 - per cent, whai- 

ever be the denomination. 
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Ex. 2. If 5 - per cent, be gained by selling butter at 

^5. S-f. 6//. per cwt., what will be the gain per cent, by 
selling it at u. 3//. per lb. ? 

As we gain and lose on the cost pricCy it will be necessary, 
from the first part of the question, to find the cost price, 
in order to solve the latter part of the same. First then, 
we will find the cost price. 

X5. 5J.6d?.-£5 — =£ . 

^ ^ ^40 40 

If a thing which is sold for £105 - costs Xioo ; 

.-. a thing which is sold for £1 costs JB ; 

° 211 

S 
.-. a thing which is sold for £— costs S ^^} ""^ 

If I lb. is sold for i J. 3^. ; 

28 

.'. I cwt. is sold for ,^ x s, = 140J. «* X7 ; • 

^ I 

.'. gain on the cwt is ^£7 — X5 =£2. 
If on £5 the gain is £2 ; 



2 
.'. on £1 tjie gain is £- ; 



20 

2 X "x^^ 



.'. on £100 the gain is £ 
.'. Ans. « 40 per cent 
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The above may be done a shorter way, but it is un- 
satisfactory, as the ordinary student would probably find it 
difficult to explain the reason of his method. It is well 
to solve all questions in Profit and Loss by the single 
simple principle that all gain or loss is on the cost price. 
No method but the above should be allowed. All other 
methods are dangerous^ 

Ex. 3. If a person purchase pins when they are 18 in 
a row, and sell them 1 1 in a row at the same price, how 
much is his gain per cent ? 

As a person gains and loses on the cost price^ we must 
imagine a cost price, to work the question simply and 
clearly. 

Suppose 18 pins to cost 18 pence ; 

.*. II pins are sold for 18 pence. 

But since 18 pins cost 18 pence ; 
.'. II pins cost II pence; 
.-. II pins cost II pence and are sold for 18 pence; 
•'. ^d, is the gain on the cost price \id. 

If on 11^. the gain is 7//.; 

/. on \d, the gain is -^d. 

•'. on 100^. the gam is •= i. 

° II 

7 
••. Ans. « 63-^ per cent. 
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40. Proportional parts. 

This rule really only includes an easy class of ques- 
tions involving knowledge of fractions and proportion, and 
there is no reason why it should usurp a high place in 
Arithmetic. 

If a sum of money is to be divided among A and B 
in the ratio of 3 : 5, it is clear that as often as A has X3, 
B will have X5. Therefore, out of every &Z that is divided 
between them, A has £3 and B has £5. Therefore A will 

have f of the whole, B § of the whole. 

We will solve two questions. 

Ex. I. A and B engaged in trade, their capitals being 
in the ratio of 4 : 5 ; and, at the end of 3 months, they 

withdrew respectively - and - of their capitals : how should 

tfiey divide their whole gain, X33S, at the end of the year? 

Suppose A to have £4 ; 

•% B will have £5. 

Since A withdraws - of his capital, he will have - of 

3 *^ 3 



^4(.^ 



remaimng. 



<j • I 

Since B withdraws - of his capital, he will have - of 

4 4 



.s(..|)— . 



Now a capital of £4 for 3 months is equivalent to £12 
for I month. 
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And a capital of £^- for 9 months is equivalent to X12 
for I month; 

.*. (adding) we may representee's capital atX24 for i month. 

Again, a capital of £5 for 3 months is equivalent to 
£15 for I month. 

And a capital of S^ for 9 months is equivalent to Xi i - 

4. 4 

for I month ; 

.'. (adding) we may represent ^s capital at £26- for i month. 

4 

. Hence, if we divide the profits, £335, in the ratio of 

the t^vo capitals, £24 and £26-, we shall get, the proper 

.4 

answer. 

(Observe, a capital, of £4 for 3 months is equivalent to 
a capital of £12 for i month, for by an equivalent capital 
we mean a capital that will produce the same profits. Of 
course if £4 were the profit^ in 3 months, the profits in 

I month would be £^.) 

/ 3 

Ex. 2. If 8 oz. of gold, 10 carats fine, and 2 oz., 

I I carats fine, be mixed with 6 oz. Of unknown fineness, 
and that of the mixture be 12 carats, what was the unknown 
fineness? 

By 8 oz. of gold, 10 carats fine, we mean that — of 

24 - 

the 8 oz. is gold, the rest being alloy, see Art. 4. In this 

and all similar questions, reduce to, and work in ordinary 

Tr. weight, and if the answer is to be given in carats, re* 
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duce to 24ths of the whole mass in question. The number 
of 24ths will give us the fineness required. 

8 oz. of gold, 10 carats fine, contain — oz. of pure gold. 

54 

22 

2 oz. of gold, 1 1 carats fine^ contain — oz. of pure gold. 

24 

102 
.*. (adding) 10 oz. of the mixed gold contain — oz. of pure 

gold. 

But the whole 16 oz. of the mixed gold, 12 carats fine, 

contain -^ oz. gf pure gold ; 

/. the 6 oz. of gold introduced contain — oz. of pure gold ; 

24 

•*. I oz. of gold introduced contains -^ oz. of pure gold ; 

24 

.*. the unknown fineness is 15 carats. Ans. 

(For in every oz. of the new gold we have proved that 
15 parts out of 24 are pure gold.) 

41. \i A can do - of a piece of work in 7 days, - 

of which A and B together can do in 5, how long would B 

alone be doing - of it ? 

7 . 

Since A can do - of the work in 7 days ; 

.-. he can do the whole work in - of 7 « ^ ^^^^ > 

.-. he can do — of the work in i day. 

35 
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Since A and B can do - of the work in 5 days ; 
.'. they can do the whole work in 10 days ; 
.'. they can do — of the work in i day; 

.•. B alone can do ^ of the work in i day : 

10 35 ^ 

that is, — of the work in i day. 

If B can do — of the work in i day : 

70 -^ ' 

.•. he can do the whole work in 70 dajrs ; 

.'. he can do - of the work in - of 70 days : 

7 7 

that is, in 50 days. Ans. 

42. If two fruit women were willing to exchange 12 
apples for 49 pears, 121 nuts for 25 pears, 6 oranges for 
5 plums, 154 nuts for 45 oranges; how many apples Would 
they be willing to exchange for 77 plums? 

12 apples s= 49 pears, 
25 pears =121 nuts, 
154 nuts e 45 oranges, 
6 oranges = 5 plums, 
77 plums = X apples. 

2 ' 

.-. Ans. ^ ^\ ^ wv.v: ; u u ^PP^gs 
^^ X XXX X His. X 5. 

« 16 apples. Ans. 
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. We shall not explain the reason of the above. The 
student may easily verify it by a- series of proportions. It 
is called the " chain rule," and is useful in working questions 
of " Exchange" in a ready and- simple manner. It will be 
observed in the two upright columns thai each of them 
contains all the different denominations^ 

43. Per centage. - - 

A large number of the latter examples, after proportion, 
may be worked out in a different manner by a careful con- 
sideration of the words " per centage." 

Thus, 2 per cent, means that 2 articles out of 100 of 
the same articles are taken into consideration ; that is, we 

2 

are considering — of the whole. 

100 

If a man loses 5 per cent, of his money, in any way, 

it means that he loses -^ of his money. He will have 

100 ' 

remaining -^^ . We can thus get rid of proportion, in 

examples of per centage, and reduce per centage to frac- 
tions. 

On the. whole, however, we object to this method, be- 
cause ambiguities are likely to arise from the looseness with 
which the expression " so much per cent." is used in com- 
mon language. To make questions of this sort free from 
ambiguity, we should either have to define scientifically 
popular language, or explain carefully the exact sense in 
which we intend to use the words in the different cases. 

44^ We will finish with certain practical rules which 
will be found very useful for checking errors, and in many 
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ways stimulating the ease and rapidity of correct worL We 
do not propose to prove them generally, or explain on what 
principles they depend. Some may be proved by simple 
Arithmetic, others by Arithmetic diluted with Algebra; 
while the proof of others belongs entirely to the region of 
Algebra. But the i:esults are important and easy to be 
remembered. 

a. A number is divisible by 2, 4, 8, respectively, if the 
number represented by its last i, 2, 3, figures respectively 
is divisible by 2, 4, 8, respectively. 

The rule for 4 can be proved thus : 

100 is divisible by 4, therefore any number of hundreds 
is divisible by 4; if then a number is divisible by 4, the 
remainder found by removing the hundreds, that is, the 
number represented by the last two digits, must be divisible 
by 4. So for 8, 16, 32 ... 

A number is divisible by 5, if it ends in a 5 or a cypher. 

A number is divisible by 10, if it ends in a cypher. 

A number is divisible by 3, 9, respectively, if the sum 
of its digits is divisible by 3, 9, respectively. See Note D. 

A number is divisible by 11, if the difference of the 
sums of its digits in the odd and even places is divisible by 
II. See Note D. 

The rule for 7 is more complex than ordinary division 
by 7. 

The rule for 6 is the combination of the niles for 2 
and 3 ; for 1 2, the combination of the rules for 3 and 4 ; 
&c. Care must be taken to split 12 into its factors 4, 3 
(not 6, 2 for instance); 24 into its factors 8, 3; 75 into 
its factors 25, 3, &c. 
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N.B. These rules are useful, in reducing fractions to 
their lowest terms, in cancelling, l.c.m., g.c.m., &c. 

p. The shortest way of multiplying a number by 25 is, 
to add two cyphers and divide by 4. 

The shortest way of multiplying a number by 125 is, to 
add three cyphers and divide by 8. 

So, the shortest way of dividing a number by 25 is, to 
mark off two decimal places, and multiply by 4. 

And tlie shortest way of dividing a number by 125 is, to 
mark off three decimal places, and multiply by 8. 

N.B. it may be observed that an odd number is divisible 
by 25 if it ends in 25 or 75; by 125 if it ends in 125, 

625, 375» 875- 

These rules are useful in reducing fractions to decimals, 
and conversely; generally in cases where the decimals 
terminate. They are also useful in other work. 

y. Let us take a fraction in its lowest termSy which we 
wish to reduce to a decimal. Then the following rules 
hold. 

1. If the denominator of the fraction consists only of 
powers of 2 and 5 as factors, the resulting decimal will 
terminate. Art 27. 

2. If the denominator of the fraction has no factor 
of 2 or 5, the resulting decimal will be a pure circulator. 
Art. 27. 

3. If the denominator of the fraction consists partly of 
powers of 2 or 5, or both, as factors, and partly of other factors, 
the resulting decimal will be a mixed circulator. Art. 27. 

4. The number of figures in the terminating decimal, 
in (i), will be that power of 2 or 5 in the denominator 
of the fraction which happens to" be the greater. Art. 27. 

5 
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5- The number of figures in the period of the decitnal, 
in (2), will be a measure of some measure diminished by 
unity of the denominator of the fraction. 

6. The number of figures before the period of the 
decimal, in (3), will follow rule (4) ; in the period of the 
decimal, will follow rule (5). Art. 27. 

7. When the decimal is a pure circulator, and the 
period a full period, the same period will occur, only com- 
mencing at a different figure of the period, for every fraction 
with the same denominator, but a different numerator. See 
Art. 32. 

8. When the decimal is a pure circulator, and the 
period a full period, every figure in the last half of the 
period will be a complement to 9 of every corresponding 
figure in the first half of the period. 

[N.B. By a full period, we mean a period that is the 
largest possible, i.e., one less than the denominator of the 
fraction. See Rule (5)]. 

We will exemplify rules (7) and (8). We shall find that 
— = •052631578947368421. 

Here (2) and (5) are satisfied, and the number of figures 

in the period being 19- i, it is a full period. Hence we 

2 % 
can find — , -^, &c., at once. Thus: 

^= -105263157894736842, 

•^= -157894736842105263, 

i| = 789473684210526315. 
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We began this last 789 ... because there were only 

three larger fractions than — , viz. — , — , — ; and 
^ 19 19 19 ' 19 ' 

there were only 3 decimals beginning with higher figures 
than 789..., viz. '842..., -894... and '947... So for any- 
other numerator. In Art 32, we have already discussed 

• I 2 
the important fractions - , - , &c., in like manner. 

7 7 
Again, take one of the above fractions, as — , and 

divide the period by a mark into its two halves, thus : 

^ = 789473684,210526315. 

Hence (8) is clearly seen to be true, for 7 + 2=9, 
8+1 = 9, 9 + = 9> 4 + 5 = 9> &c. So for any other nu- 

I 2 

merator, or for any of the fractions - , -, &c., in Art. 32. 

Ex, The first 29 figures of the period, for the fraction 
— , are found to be 

•01694915254237288135593220338 

Complete the period. 

There are other very curious properties about the re- 
mainders, in reducing fractions to decimals, and about the 
periods, both when full and incomplete, but we do not 
give them here, partly because they are not so important 
as the above, partly because it is not easy to express them 
sufficiently generally or concisely for practical work. 

8. 6j. M. is - of^a £; 2j. 6^. is ^ of a£. 

3 ^ 

If we wish to reduce shillings, pence, and farthings to 
the fraction of a £, the denominator of the resulting frac- 
tion can have no other factors than 3, 5, and powers of 2. 

5—2 
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NOTES. 

Note A. Multiplication of fractions. 

By "multiplication" we mean the repetition of a 
number a certain number of times. Thus, 7x4 means 
7 repeated 4 times, or 7 + 7 + 7 + 7, or 28. So 7 apples 
multiplied by 4 is 28 apples. From this definition it is 
clear that the multiplier must be abstract and a whole 
number. According to our definition then, it is clear that 
we could not multiply by any of the following quantities, 

4 apples, - , + 4, — 4, Of course, on the other hand, we 
«^ 

could multiply any of them, 4 apples, - , +4, - 4, by any 

abstract integer. It is no matter what the multiplicand 
may be, it is only necessary that the multiplier should be of 
a certain character. 

If then we are to talk for the future of multiplying 
by such things as 4 apples, - , +4, - 4> it can only be 

by altering the original meaning of the word multipli- 
cation, or at least extending and generalising it. This 
is done repeatedly in algebra, and thus we get the well- 
known results, 

+ df X + ^ = + df^, 

+ ^ y. - b = — abj 
— a y. + b = - ab, 
^ a y. ' b ;= + ab. 
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And again, 

wfiether m and n be positivCy negative, fractional, integral, 
or zero, . 

If again, in Arithmetic, we allow ourselves to use the 
expression, 4 ft. x 5 ft. « 20 sq. ft., (as in Art. 5) it can either 
be by supposing that expression to be the abbreviation for 
the proposition " if we multiply the number of feet in the 
length of any rectangle by the number of feet in its breadth, 
we shall get the number of square feet in its area," as is 
fully explained in the same Article, or we must suppose the 
meaning of multiplication to be defined anew to suit the 
case, something for instance as follows. 

" A square foot is said to be obtained geometrically by 
multiplying the foot of its length by the foot of its breadth." 
Hence it wil be seen (as in Art. 5) that the area of any 
rectangle would be obtained by multiplying its length by 
its breadth. 

Again, in fractions, we do use such expressions as 

- X - , 4 X - , &c. This is called multiplication of fractions. 

Of course then here also we must redefine multiplication. 

(N.B. It is clear it will not be necessary to do so for such 

I? 
cases as - x 4.) 
. 7 ^ 

The new definition may be given in various ways. We 

will here state and discuss a definition. 

Def. We are said to multiply two fractions together 
if we multiply the numerators for a new numerator, and 
the denominators for a new denominator. 
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This seems at first sight a very arbitrary definition. Any 
one has a right to ask, Whence did such a definition arise ? 

To shew this, let us take a case, e.g. - x - . 

% 12 

- X 4 = -— . But we have to multiply not by 4, but by 

7 7 

- , i. e. by - of 4. Hence // will he convenient to agree that 

- X - , or -- X - of 4 shall mean - of (- x 4 ) , i. e. - of — ; 
7575 5 ^7/57 

12 

which can be easily proved to be — (Art 13). This gives 

us the ordinary Arithmetical rule. 

The important thing here is not to mistake the above 
for a proof. // is no proof at all. It is a convenient as- 
sumption, or convention, or new definition of the word 
"multiplication." Any other definition might have been 
taken, but this suits us best. The italicised words must be 
remembered : " it will be convenient to agree." 

It might still be asked, however, why the above as- 
sumption is more convenient than any other. This we will 
proceed to explain. 

% 12 

It is clear that - x 4 = — . Again, it is clear that 

7 7 

% 12 ^6 12 

- x — = — . For — T = 4, and therefore the case in point 

7 3 21 3 

is - X 4, which equals — , which equals — . Since also 

in the first instance, instead of 4 we may write - , it is 
clear that we shall not get a wrong answer in the case of 
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- X 4, if for 4 we write either - or — , and then multiply 

the numerators for a new numerator, and the denomi- 
nators for a new denominator. In other words, this 
rule will apply whenever our multiplier is an integer, 
even if in the form of a fraction. This shews us why 
our definition is a convenient one when our multiplier 
is not an integer (in which case multiplication has lost 
its original meaning), because we shall thus have one rule 
for all cases; in other words, the form of the answer 
will not have to be altered to suit the different cases. 

For instance, we thus know that t ^ j= ^-, and have hot 
' a bd 

c 
to enquire what -^ is. Otherwise we should have to say 

" If -^ is really an integer, t ^ -j- jj- I^> however, - is 



d c 
not an integer, t ^ "3= •••" whatever our definition of mul- 

o a 

tiplication of fractions makes it equal. 

As it is very important that the student should 
thoroughly understand that there is no meaning in the 
words " Prove the rule for the multiplication of fractions," or 

" Shew that ^ x 4 = — ," but only in " Illustrate the rule," 
7 5 35 

or " Shew why we say that - x - = — ," or " Shew that 

^ ^ 7 5 35 

■ X - is not necessarily equal to — ;" and as the quasi 

proof given above is often mistaken for a real proof, we 
will discuss another instance in the same sort of manner, 
and come to a conclusion different from that which is usually 
adopted. 
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5^ means the repetition of 5 as a factor 7 times ; 
/. 5"^ means the repetition of 5 as a factor - 7 times ; 

.-. 5~' means the repetition of - 5 as a factor 7 times; 

» 

■ Now this result is not true. Not true, that is to say, 
necessarily. However unwise, it would not be wrong to give 
a definition of multiplication in the above case, which 
should make the above result true. But even if the new 
definition should give that result, the proof would still be 
false — indeed it is manifest there would be no proof possi- 
ble ; only the application of the new definition. 

One more word then with regard to results. 
X 4 is necessarily = — . 

1 A T 2 

-- X - is equal to — by a convention governed by com- 
mon sense, but perfectly arbitrary. 



Note B. Division 0/ fractions. 

We now come to division of fractions. The rule given 
is -^Invert the divisor and multiply. The question is — Can 
this rule be proved or no, or if it can, in what manner ? 

If we allow ourselves the two definitions of division 
given in Art. 3, this rule can be proved; thereby differing 
from multiplication. The proof will be as follows. 

It is clear that - ~ 7 = -^ by the 2nd def. of division. 

5 35 ^ 
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This agrees with the rule, for 

3^^_3^7„3 ^i_ 3 
5 5 I 5 7 35 

^ 7 *? 
Again, it is clear that - ^ - = ^ . This is clear from 

. . . ^ ^ ^ 

the I St definition of division. This also agrees with the 

rule, for 

3^7^3^^^3 

5 ' 5 ^ 7 7' 

Lastly, let us consider - -4- - . This is the same as 

5 7 

2 1 20 21 

— -r- — •. The result of this is — by the ist definition of 
35 35 20-" 

division. And by the rule also we obtain 

5 ' 7 5 4 2o* 

Hence, in all cases the rule is proved. 

We do not like this proof, partly because objections 
might be raised against it as not compatible with the only 
definition of fractions we have at present thought it con- 
venient to give, and more especially because we think it 
a better plan to treat division of fractions in the same 
manner as we have already treated multiplication of frac- 
tions. We leave it to the ingenuity of the student to 
do this. 

Or we might illustrate the rule in the following manner. 

Division reverses multiplication. Since then - x - = — , 

^ S 7 35 

it follows that r- - = ^^ . It is clear that this quotient 

35 7 5 
may be obtained by inverting the divisor and multiplying. 

Hence the rule. 
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N.B- The whole theory of multiplication and division 
of fractions may be illustrated and dealt with in a dif- 
ferent and interesting manner, by extending our definition 
of a fraction, and introducing axioms, or by making a 
separation between pure arithmetic and algebraical arith- 
metic, and laying down the results in parallel columns. It 
will however probably be felt that we have already dwelt 
on this subject quite sufficiently. 

Note C. Every sum worked out in the text, from 
Art. 35 inclusive to the end, has been handled by the 
** common sense*' method of proportion. We propose here 
to indicate the course of proof of the same sums, proceeding 
by the method of statement instead. We conceive that a 
student might reasonably be allowed to take his choice of 
either method to adopt 

Art. 35. Ex. I. Find the amount on X250. i2j. dd. 
from March 26, 1840, to Oct. 31, 1842, at 3 per cent. 

From March 6, 1840, to Oct. 31, 1842, is 2 years, 

, 219 3 13 

219 days = 2 —^ years = 2 "^ years = -^ years. 

£250. I2J. 6^. =£2So| = £^^. 

First, find the interest. 

£. £. 
2001; 

year, years. •• 3 * •^^'* 

5 
Hence the interest, and hence the amount. 
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Ex. 2. At what rate will £220. i2j. 6^. become 

£240. 4f. 8f//. in 3 - years? 

o 

^220. I2J. 6//. =je220^=£^-i. 

o o 

Int. = £240. 4f. 8|i/. —£220. 1 2 J. dd. = f 19. 1 2 J. 2|//. 



18 18 

£. .£. 

-V^ : I 



8 ■ -°° 



years, year. 



£, 

-^^^^ : Ans. 
18 



,\ Required rate = 



Ex. 3, What sum will become ^49. os, sj//. in 5 - years, 

4 

at 4- per cent. ? 
3 

I 2 

Interest on £100 for 5 - years, at 4- per cent, will be 

• o 

I 2 
100 X 5- X 4- 

£ 4 3 

100 

7 7 

2 
" =£49 



= £.4j; 
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.-. Amount = Xi 24 -«£ — -, 

2 2 

£49. 9^-. 5K = £49 — = X^^^ ; 
^-^ ■ -^ 320 320 

£. £. £. 

.'. — : — — - :: 100 : Ans. 
2 320 

Hence the required principal. 

Art. 36. Exs. I and 2. These do not require to be 
considered here, as they have not been done by proportion 
in the text. 

Art. 37. Find the discount on a bill of £419. 12s. i//., 
drawn March 6, at 7 months, discounted Sept. 15, at 
5 per cent. 

Here the bill was drawn March 6, at 7 months, and was 
therefore due Oct. 9 (allowing for the three days of grace). 
Now it was discounted Sept. 15, i.e. 24 days before it 
was due. 

o J P ^9 p20i4i 

£419. 12s. i^. =£419-1 = £—g'-. 

Interest on £100, at 5 per cent for 24 days = ^c^c ^ 



73 



73 

.-. Amt=£ioo^ = £^^^. 

73 73 

£. £. £. 

7324 ^ 20141 



73 • 48 



:: 100 : Present value. 
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Hence the present value, and hence the required dis- 
count. 

It will be observed that it is not sufficient in the first 
two terms, to compare money merely with money, nor in 
the third term, to have it merely the same denomination as 
the answer. Care must be taken that the first two terms 
should be both amounts^ and that the third term should be 
present value, the same as the answer. 

N.B. If a bill fall due on a day that has no existence, 
as the 31st of a month of 30 days, or the 29th, 30th, or 31st 
of Feb. (in leap year, the 30th or 31st of Feb. only), it is 
considered to be nominally due on the last day of the 
month in question, and therefore legally- due on the 3rd of 
the following month. 

Art. 38. Ex. I. What is the value of £1000 stock, in 
the 5 per cents, at 90 ? 

£. St. £. St. £. £. 
100 : 1000 :: 90 : Ans. 

Ex. 2. How much stock can be obtained for £1000, in 

ft 

the 5 per cents, at 90 ? 

£. £. £. St. £. St. 

90 : 1000 :: 100 : Ans. 

Ex. 3. What is my income from £1000 stock, in the 

5 per cents, at 90 ? 

£. St. £. St. £. £. 
100 : 1000 :: 5 : Ans. 

Ex. 4. What is my income from investing £1000 in the 
S per cents, at 90 ? 

£. £. £. £. 
90 : 1000 :: 5 : Ans. 

N.B. Here the first two terms are both capital; the 
last two, income. 
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Ex. 5. A person invests £18 150 in the 3 per cents. 

at 90-, and, on their rising to 91, transfers to the 3- 
4 2 

per cents, at 97-; what increase does he make tliereby 

in his annual income ? 

£. £. £. St. 

90- : 1 8150 :: 100 : stock purchased ; 
4 

.-. Stock purchased = ^^M^^pJli stock 

XX 
s= £20000 stock. 

£. St. £. St, £. 
100 : 20000 : 91 : cash received ; 

.'. Cash received = Z- — rrr: 

X^^ 

= £18200. 

£. £. £. St. 

97- : 18200 :: 100 : fresh stock purchased ; 

280 

.'. fresh stock purchased = £ ^-r stock 



3 



= £56000^^^ 
3 
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£. St. £. St. £. 
loo : 20000 :: 3 : first income; 

n ' />*? ^ 20o^b 

.-. first income =^^^— r-cr--^ 

= £600. 

£. St. £. St. £. 

i;6ooo I ', . 

100 ; :: 3- : second mcpme; 

3 2 

280 
/.second income =£ y^^^: J 

X X 3 X X^^ 

3 
= £653. 6j. 8^/.; 

.'. required difference of income = £653. 6j. 8^/. - £600, 

= £53. 6j-. 8^/i Ans. 

A single proportion might have been made to replace 
the third and fifth of the above proportions, as thus : 

£• A>* A>. 

07- : 18200 :: 3- : second income. 
^ 2 2 

We prefer the method adopted notwithstanding, as it 
exhibits the natural progression of the events, and puts the 
whole working in a clearer and more logical light. 

Art. 39. Ex. I. If tea be bought at 6j. ^d, per lb., 
and sold at 5^. 7^/., what is the loss per cent. ? 

Here loss on the cost price 6j. 3^/. is %d. 

d, d* d, d, 

75 : 100 :: 8 : Ans. 
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N.B. Here the first two are cost price, the last two 
are loss. 

Ex. 2. If 5 - per cent be gained by selling butter at 

£5. 5J-. dd, per cwt., what will be tl^e gain per cent., by 
selling it at i J. 3^. per lb. ? 

£5. 5J-. 6^.=£s — = £— . 

£. £. £. 

I 211 
105- ; :: 100 : cost price; 

5 
.-. cost price = X^^^- ^^r^. -^ 



(^xosi 



and £ are both selling prices. J 

If I lb. is sold for \s. ^d. ; 

28 

.*. I cwt. is sold for ^ x — ^ j. = 140X. = £7 : 

\ I 

.-. gain on i cwt. = £7 - £5 = £2. 

•C. •&. Xtm 

5 : 100 ;: 2 : gain per cent. 

20 

2 X "ibb 
.-. Ans. = — ^^-^ per cent. 

= 40 per cent. 
N.B. Here £5 and £100 are both cost prices. 
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Ex. 3. If a person purchase pins when they are 18 in 
a row, and sell them 1 1 in a row at the same price, how 
much is his gain per cent. .'* 

Suppose 18 pins to cost 18 pence; 

.•. II pins are sold for 18 pence. 

But since 18 pins cost 18 pence; 

.'. II pins cost II pence; 

.*. II pins cost II pence, and are sold for 18 pence ; 

.*. 7 pence is the gain on the cost price 11 pence. 

</. d» d, 

II : 100 :: 7 : Ans. 

N.B. 11//. and 100^. are both cost prices ; 7^. and the 
answer are both gains. 

Art. 42. If two fruit-women were willing to exchange 
12 apples for 49 pears, 121 nuts for 25 pears, 6 oranges for 
5 plums, 154 nuts for 45 oranges; how many apples would 
they be willing to exchange for 77 plums? 

pl. pi. or. 

5 : 77 :: 6 : no. of oranges; 

6 X 77 
.*. 77 plums are equivalent to — oranges. 

or. or. nuts. 

6x77 - ^ 

45 : -^ :: 154 : no. of nuts. 

w 

.*. 77 plums (= — oranges] are equivalent to 

6 X 77 X 154 

^-^ nuts. 

5^54 
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nuts. nuts. pears. 

6 X 77 X 1^4 
121 : :: 25 : no. of pears: 

5^45 

, / 6 X 77 X 154 \ . , 

.-. 77 plums f = — ^^ nuts) are equivalent to 

6x77 X 154x25 



5 X45 X 121 



pears. 



pears. pears. app. 

6 X 77 X 154 X 25 . , 

49 : ~ "^-^ :: 12 : no. of apples. 

5x45x121 

, / 6 X 77 X 1154 X 25 \ • 1 . . 

.•. 77 plums ( = — '^-^ ^ pears] are equivalent to 

^ 5^ 45^^^' ' 



2 



apples 



5, X XS. X XXX X H^ 

= 16 apples. Ans. 

It would have been shorter to have cancelled at the 
different stages of the work, but we had the further object 
in view of explaining the principle of the " chain rule." 

Note D. A number is divisible by 9, if the sum of its 
digits is divisible by 9. 

Take the numbers 45678. 

45678 = 40000 + 5000 + 600 + 70 + 8 

= 4(9999 + i) + 5 (999 + i) + 6 (99 + i) + 7 (9 + i) + 8 
= (4 X 9999 + 5 X 999 + 6x99 + 7 x9)+(4+5+6 + 7 + 8). 

Now the first bracket clearly is divisible by 9 ; therefore 
the whole number is divisible by 9, if the last bracket is 
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divisible by 9, that is, if the sum of the digits is divisible 
by 9. This agrees with the rule. 

A similar proof would apply to the number 3. 

A number is divisible by iiy if the difference of the sums 
of the digits in the odd and even places is divisible by 11, 

Take the number 865432. 

865432 = 800000 + 60000 4- 5000 + 400 + 30+2 

= 2 +3 (ii - i)+ 4 (99+1) + 5 (iooi-i) + 6(9999 + i) 

+ 8(100001 - i) 

= (2-34-4—5 + 6 —8) + (3 XI1+4X99 + 5X looi 

+ 6 X 9999 + 8 X looooi). 

Now the second bracket is divisible by 1 1 (because 1 1 , 
99, looi, 9999, looooi, are each divisible by 11); therefore 
the whole number is divisible by 11, if the first bracket 
is divisible by 11, that is, if the difference of the sums 
of the digits in the odd and even places is divisible by 11. 
This agrees with the rule. 
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6s, 6d, 

MECHANICS FOR BEGINNERS. With numerous Ex- 
amples. i8mo., 4s, 6d, 

TRIGONOMETRY FOR BEGINNERS. With numerous 

Examples. i8mo., is, 6d, 

ALGEBRA FOR THE USE OF COLLEGES AND 

SCHOOLS. Fourth Edition. Crown Svo., 'js. 6d, 

PLANE TRIGONOMETRY FOR COLLEGES AND 

SCHOOLS. Third Edition. Crown 8vo., ^s, 

A TREATISE ON SPHERICAL TRIGONOMETRY 

FOR THE USE OF COLLEGES AND SCHOOLS. Second 
Edition. Crown 8vo., 4^. 6d, 



ARITHMETICAL EXAMPLES. Progressively Arranged, 

with Exercises and Examination Papers. By the Rev. T. DALTON, 
M.A., Assistant-Master at Eton College. i8mo., is, 6d, 

ALGEBRAICAL EXERCISES. Progressively Arranged. 

By the Rev. C. A. JONES, M.A., and C. H. CHEYNE, M.A. 
New Edition. i8mo., is, 6d. 

ELEMENTARY GEOMETRY. Part I., Angles, Parallels, 

Triangles, &c. Compiled by J. M. WILSON, M.A., Mathematical 
Master of Rugby School. Extra fcap. 8vo., is. 6dp 

ELEMENTARY GEOMETRY. Part IL The Circle and 

Proportion. By J. M. WILSON, M.A. Extra fcap. 8vo., is, 6d. 



MACMILLAN AND GO'S PUBUCATIONS. 3 

CLASSICS* 

SALLUST. With English Notes. By C. MERIVALE, 
B.D., Author of " History of Rome," &c. Second Edition, Fcp. 
8vo., 4^. ^. 

The CATILINA and JUGURTHA may be had separately, 
price IS. 6J. each, bound in cloth. 

CICERO'S SECOND PHILIPPIC. With English Notes. 

By JOHN E. B. MAYOR. Third Edition. Fcap. 8vo., 5J. 

THE SICILIAN EXPEDITION, being Books VI. and 

VII. of Thucydides, with Notes. By the Rev. PERCIVAL 
FROST, M.A., late Fellow of St. John's College, Cambridge. 
A new Edition, revised and enlarged, with a Map. Extra 
fcap. 8vo., 5J. 

DEMOSTHENES ON THE CROWN. With English 

Notes. By B. DRAKE, M.A. Third Edition. To which is 
prefixed, iESCHINES against CTESIPHON. With English 
Notes. Fcp. 8vo., 5^. 

MYTHOLOGY FOR LATIN VERSIFICATION. A 

Brief Sketch of the Fables of the Ancients, prepared to be ren- 
dered into Latin Verse for Schools. By F. HODGSON, B.D. 
New Edition, Revised by F. C. HODGSON, M.A. iSmo,, 3J. 

TACITUS; THE AGRICOLA AND GERMANY. 

Translated into English by A. J. CHURCH and W. J. BROD- 
RIBB. With Map and Notes. Fcap. 8vo., is. 6d. 

FIRST GREEK READER; Edited after KARL HALM. 

With Additions and Corrections. By J. E. B. MAYOR, M.A. 
Fcp. 8vo. , 6s, 

Works by J. Wright, M.A. 
HELLENICA; OR, A HISTORY OF GREECE IN 

Greek, being a First Greek Reading Book, with Explanatory Notes. 
Third Edition. With A VOCABULARY. i2mo., 3J. 6r/. 

THE SEVEN KINGS OF ROME. An Easy Narrative, 

abridged from the First Book of Livy by the omission of difficult 
passages, being a First Latin Reading Book, with Grammatical 
Notes. Fcap. 8vo., 3^. 

A VOCABULARY AND EXERCISES ON THE 'SEVEN 

Kings of Rome.' Fcap. 8vo., 2s. 6d. 

•#• The Vocabulary and Exercises may also be had bound up with 
* The Seven Kings of Rome. ' Price 5^. 

A HELP TO LATIN GRAMMAR ; Or, the Form and 

• Use of Words in Latin, with Progressive Exercises. Crown 8vo., 
4^. 6d, 
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ELEMENTABT SCIENCE. 

LESSONS IN ELEMENTARY PHYSIOLOGY. With 

numerous Illustrations. By T. H. HUXLEY, F.R.S., Professor 
of Natural History in the Royal School of Mines. Fifth Thousand. 
i8mo., 4r. 6d. 

QUESTIONS ON HUXLEY'S PHYSIOLOGY. For 

Schools. By J. ALCOCK. i8mo. u. 6d. 

POPULAR ASTRONOMY. With Illustrations. By G. B. 
AIRY, Astronomer Royal. Sixth and Cheaper Edition. i8mo. 

LESSONS IN ELEMENTARY CHEMISTRY. By 
HENRY ROSCOE, F.R.S., Professor of Chemistry in Owen's 
College, Manchester. With numerous Illustrations and Chromo.* 
Litho. of the Solar Spectra. Twelfth Thousand. iSmo., 4J. 6d. 

LESSONS IN ELEMENTARY BOTANY. With nearly 
aoo Illustrations. By DANIEL OLIVER, F.R.S.,F.L.S. Fourth 
Thousand. iSmo., 4/. 6d, 

ELEMENTARY LESSONS IN ASTRONOMY. By J. 
NORMAN LOCKYER, F.R.A.S. With Coloured Diagram and 
numerous Woodcuts. i8mo., 5^. 6d. 

Works by the Rev. G. F. Maclear, B.D., Head 
Master of King^s College School. 

A CLASS-BOOK OF OLD TESTAMENT HISTORY. 

Fourth Edition, with Four Maps. i8mo., 4^. 6d, 

A CLASS-BOOK OF NEW TESTAMENT HISTORY: 

including the Connection of the Old and New Testament With 
Four Maps. Second Edition. tSmo., 5^. 6d, 

A CLASS-BOOK OF THE CATECHISM OF THE 

CHURCH OF ENGLAND. i8mo., 2j. 6d, 

A SHILLING BOOK OF OLD TESTAMENT HIS- 
TORY, for National and Elementary Schools. With Map. 
i8mo., cloth limp. 

A SHILLING BOOK OF NEW TESTAMENT HIS- 
TORY, for National and Elementary Schools. With Map. 
]8mo., cloth limp. 

A FIRST CLASS BOOK OF THE CATECHISM OF 

THE CHURCH OF ENGLAND, with Scripture Proofe, for Junior 
Classes and Schools. iSmo., 6d, 
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Messrs. Macmillan & Co. beg io call attention to the 
accompanying Catalogue of their Educational Works, 
the writers of which are mostly scholars of eminence in the 
Universities^ as well as of large experience in teaching. 

Many of the works have already attained a wide 
circulation in England and in the Colonies^ and are 
acknowledged to be among the very best Educational Books 
on their respective subjects. 

The books can generally be procured by ordering them 
through local booksellers in town or country, but if at any 
time difficulty should arise, Messrs. Macmillan will feel 
much obliged by direct communication with themselves on the 
subject. 

Notices of errors or defects in any of these works will 
be gratefully received and CLcknowledged, 
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CLASSICAL. 

iESCHYLI EUMENIDES. The Greek Text, with English Notes, 
and English Verse Translation and an Introduction. By Bernard 
Drake, M.A., late Fellow of King's College, Cambridge. 8vo. 

The Greek Text adopted in this Edition is based upon that of Wellauer, 
which may be said in general terms to represent tnat of the best manu- 
scripts. But in correcting the Text, and in the Notes, advantage has been 
taken of the suggestions of Hermann, Paley, Linwood, and other com- 
mentators. 

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICI 
ELENCHI. With a Translation and Notes by Edward Poste, 
M.A., Fellow of Oriel College, Oxford. 8vo. &f. (>d» 

Be»des the doctrine of Fallacies, Aristotle offers either in this treatise, or 
in other passages quoted in the commentary, various glances over the 
world of science and opinion, various suggestions on problems which are 
still agitated, and a vivid picture of the ancient system of dialectics, which 
it is hoped may be found both interesting and instructive. 

*' It is not only scholarlike and careful ; it is also perspicuous." — Gttardian, 

ARISTOTLE.—A.T^ INTRODUCTION TO ARISTOTLE'S 
RHETORIC. With Analysis, Notes, and Appendices. By 
E. M. Cope, Senior Fellow and Tutor of Trinity College, Cam- 
I bridge. 8vo. i^r. 

' This work is introductory to an edition of the Greek Text of 'Aristotle's 

I Rhetoric, which is in course of preparation. 

" Mr. Cope has given a very useful appendage to the promised Greek Text ; 
but also a work of so much independent use that he is quite justified in his 
separate publication. All who have the Greek Text will find themselves 
supplied with a comment ; and those who have not will find an analysis of 
the work." — Athenaum, 
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CATULLI VERONENSIS LIBER, edited by R. Ellis, Fellow of 
Trinity College, Oxford. iSmo. ,3^. (xi. 

" It is little to say that no edition of Catullus at once so scholarlike has ever 
appeared in England." — Athenautn. 

" Rarely have we read a classic author with so reliable, acute, and safe a 
guide." — Saturday Review. 



CICEI^O,— THE SECOND PHILIPPIC ORATION. With an 
Introduction and Notes, translated from the German of Karl 
Haem. Edited, with Corrections and Additions, by John E. B. 
Mayor, M. A., Fellow and Classical Lecturer of St. John's Col- 
lege, Cambridge. Third Edition, revised. Fcap. 8vo. 5^. 

" A very valuable edition, from which the student may gather much both in 
the way of information directly commimicated, and directions to other 
sources of knowledge." — AtAemeum, 



DEMOSTHENES ON THE CROWN. The Greek Text with 
English Notes. By B. Drake, M.A., late Fellow of King's 
College, Cambridge. Third Edition, to which is prefixed 
-^SCHINES AGAINST Ctesiphon, with English Notes. Fcap. 
8vo. 5j. 

The terseness and felicity of Mr. Drake's translations constitute perhaps 
the chief value of his edition, and the historical and archaeological details 
necessary to understanding the De Corond have in some measure been 
anticipated in the notes on the Oration of iCschines. In both, the text 
adopted in the Zurich edition of 1851, and taken from the Parisian MS., 
has been adhered to without any variation. Where the readings of 
Bekker, Dissen, and others appear preferable, they are subjoined in the 
notes. 



HODGSON.— UYTHOI^OGY for latin VERSIFICATION. 
A Brief Sketch of the Fables of the Ancients, prepared to be 
rendered into Latin Verse for Schools. By F. Hodgson, B.D., 
late Provost of Eton. New Edition, revised by F. C. Hodgson, 
M.A. i8mo. 3J. 

Intending the little book to be entirely elementary, the Author has made it 
as easy as he could, without too largely superseding the use of the Dic- 
tionary and Gradus. By the facilities here afforded, it will be possible, in 
many cases, for a boy to get rapidly through these preparatory exercises ; 
and thus, having mastered the nrst difficulties, he may advance with better 
hopes of improvement to subjects of higher character, and verses of more 
dimcirtt composition. 
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JUVENAL, FOR SCHOOLS. With English Notes. By J. E. B. 
Mayor, M.A. New and Cheaper Edition. Crown 8vo. 

[In the Press. 

" A School edition of Juvenal, which, for really ripe scholarship, extensive 
acquaintance with Latin literature, and familiar knowledge of Continental 
criticism, ancient and modem, is unsurpassed, we do not say among Eng- 
lish School-books, but among Englibh editions generally." — Edinburgh 
Review. 

LYTTELTON.—THIEs COMUS of MILTON rendered into Greek 
Verse. By Lord Lyttelton. Extra fcap. 8vo. Second Edition. 

— THE SAMSON AGONISTES of MILTON rendered into 
Greek Verse. By Lord Lyttelton. Extra fcap. 8vo. 6j. dd. 



MARSHALL.— K TABLE OF IRREGULAR GREEK VERBS, 
Classified according to the Arrangement of Curtius's Greek 
Grammar. By J. M. Marshall, M.A., Fellow and late Lec- 
turer of Brasenose College, Oxford ; one of the Masters in Clifton 
College. 8vo. cloth, is. 



MA YOR.— FIRST GREEK READER. Edited after Karl Halm, 
with Corrections and large Additions by John E. B. Mayor, M.A., 
Fellow and Classical Lecturer of St. John's College, Cambridge. 
Fcap. 8vo. 6s. 

MERIVALE.—¥iF.Ai:S' HYPERION rendered into Latin Verse. 
By C. Merivale, B.D. Second Edition. Extra fcap. 8vo. 
3J. 6</. 

PLA 7V.— THE REPUBLIC OF PLATO. Translated into En- 
glish, with an Analysis and Notes, by J. LI. Davies, M.A., and 
D. J. Vaughan, M.A. Third Edition, with Vignette Portraits 
of Plato and Socrates, engraved by Jeens from an Antique Gem. 
i8mo. 4^. 6d. 



ROB v.— A LATIN GRAMMAR for the Higher Classes in Grammar 
Schools. By H. J. Roby, M.A. ; based on the "Elementary 
Latin Grammar." [In the Press. 



EDUCATIONAL BOOKS. 



SALLUST,—CMl SALLUSTII CRISPI Catilina et Jugurthsu 
For use in Schools (with copious Notes). By C. Merivale, B.D. 
(In the present Edition the Notes have been carefully revised, and 
a few remarks and explanations added.) Second Edition. Fcap. 
8vo. 4J. (>d. 

The Jugurtha and the Catilina may be had separately, price 2s, 6d. 
each. 

TACITUS,— THE HISTORY OF TACITUS translated into ENG- 
LISH. By A. J. Church, M.A., and W. J. Brodribb, M.A. 
With Notes and a Map. 8vo. lor. (id. 

The translators have endeavoured to adhere as closely to the original as was 
thought consistent with a proper observance of English idiom. At the 
same time it has been their aim to reproduce the precise expressions of the 
author. The campaign of Civilis is elucidated in a note of some length 
which is illustrated by a map, containing only the names of places and of 
tribes occurring in the work. 

— THE AGRICOLA and GERMANY. By the same translators. 
With Maps and Notes. Extra fcap. 8vo. 2J. dd, 

T/l/^/NG,— Works by Edward Thring, M.A., Head Master of 
Uppingham School : — 

— A CONSTRUING BOOK. Fcap. 8vo. 2j. 6d. 

This Construing Book is drawn up on the same sort of graduated scale as the 
Author's English. Grammar. Passages out of the best Latin Poets are 
gradually bunt up into their perfect shape. The few words altered, or in- 
serted as the passages go on, are printed in Italics. It is hoped by this 
plan that the learner, whilst acquu-ing the rudiments of language, may 
store his mind with good poetry and a good vocabulary. 

— A LATIN GRADUAL. A First Latin Construing Book for 
Beginners. Fcap. 8vo. 2J. 6d. 

The main plan of this little work has been well tested. 

The intention is to supply by easy steps a knowledge of Grammar, combined 

with a good vocabulary ; in a word, a book which will not require to be 

forgotten a^ain as the learner advances. 
A short practical manual of common Mood constructions, with their English 

equivalents, form the second part 

— A MANUAL of MOOD CONSTRUCTIONS. Extra fcap. 
8vo. IJ. (id. 

THUCYDIDES.—TYLE SICILIAN EXPEDITION. Being Books 

VI. and VII. of Thucydides, with Notes. A New Edition, revised 

and enlarged, with a Map. By the Rev. Percival Frost, M. A., 

late Fellow of St. John's College, Cambridge. Fcap. 8vo. 5j. 

This edition is mainly a grammatical one. Attention is called to the force 
of compound verbs, and the exact meaning of the various tenses employed. 
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WRIGHT.— ^orVs by J. Wright, M.A., late Head Master of 
Sutton Coldfield School :— 

— HELLENICA ; Or, a HISTORY of GREECE in GREEK, 
as related by Diodorus and Thucydides, being a First Greek 
Reading Book, with Explanatory Notes Critical and Historical. 
Second Edition, with a Vocabulary. i2mo. 35. 6d. 

In the last twenty chapters of this volume, Thucydides sketches the rise and 
progress of the Athenian Empire in so clear a style and in such simple 
language, that the author doubts whether any easier or more instructive 
passages can be selected for the use of the pupil who is commencing 
Greek. 

— A HELP TO LATIN GRAMMAR; Or, the Form and Use 

of Words in Latin, with Progressive Exercises. Crown 8vo. 

4J'. 6d. 

" Never was there a better aid offered alike to teacher and scholar in that 
arduous pass. The style is at onoe familiar and strikingly simple and 
lucid ; and the explanations precisely hit the difficulties, and thoroughly 
explain them." — Eng^lisk youmal 0/ Education. 

— THE SEVEN KINGS OF ROME. An Easy Narrative, 
abridged from the First Book of Livy by the omission of difficult 
passages, being a First Latin Reading Book, With Grammatical 
Notes. Fcap. 8vo. y. 

This work is intended to supply the pupil with an easy^ Construine-book, 
which may at the same time be made the vehicle for instructing liim in 
the rules of grammar and principles of composition. Here Livy tells his 
own pleasant stories in his own pleasant words. Let Livy be the master 
to teach a boy Latin, not some English collector of sentences, and he will 
not be found a dull one. 

— A VOCABULARY AND EXERCISES on the "SEVEN 
KINGS OF ROME.'' Fcap. 8vo. 2s, 6d. 

The Vocabulary and Exercises may also be had bound up with 
"The Seven Kings of Rome," price 5j. 



MATHEMATICAL. 

AIRY. — Works by G. B. Airy, Astronomer Royal ; — 

— ELEMENTARY TREATISE ON PARTIAL DIFFEREN- 
TIAL EQUATIONS. Designed for the use of Students in the 
University. With Diagrams. Crown 8vo. cloth, 5^. 6d. 

It is hoped that the methods of solution here explained, and the instances 
exhibited, will be found sufficient for application to nearly all the important 
problems of Physical Science, which require for their complete investiga- 
tion the aid of partial differential equations. 
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yi/^K— Works by G. B. hSxy— Continued. 

— ON THE ALGEBRAICAL AND NUMERICAL THEORY 
of ERRORS of OBSERVATIONS, and the COMBINATION 
of OBSERVATIONS. Crown 8vo. cloth, 6j. dd. 



UNDULATORY THEORY OF OPTICS. Designed for the 
use of Students in the University. New Edition. Crown 8vo. 
cloth, dr. (yd. 



— ON SOUND and ATMOSPHERIC VIBRATIONS. With 
the Mathematical Elements of Music. Designed for the use of 
Students of the University. Crown 8vo. gs. 

BAVMA.— THE ELEMENTS of MOLECULAR MECHANICS. 
By Joseph Bayma, S.J., Professor of Philosophy, Stonyhurst 
College. Demy 8vo. cloth, lOf. 6d, 

BOOLE.— V^orks by G. Boole, D.C.L., F.R.S., Professor of 
Mathematics in the Queen's University, Ireland : — 

— A TREATISE ON DIFFERENTIAL EQUATIONS. New 
and Revised Edition. Edited by I. Todhunter. Crown 8vo. 
cloth, I4f. 

The author has endeavoured in this Treatise to convey as complete an ac- 
count of the present state of knowledge on the subject of Differential 
Equations, as was consistent with the idea of a work intended primarily 
for elementary instruction. The earlier sections of each chapter contain 
that kind of matter which has usually been thought suitable to the beginner, 
while the later ones are devoted either to an account of recent discovery, 
or the discussion of such deeper questions of principle as are likely to pre- 
sent themselves to the reflective student in connexion with the methods 
and processes of his previous course. 



— A TREATISE ON DIFFERENTIAL EQUATIONS. Sup- 
plementary Volume. Edited by I. Todhunter. Crown 8vo. 
cloth, Ss. 6d. 



— THE CALCULUS OF FINITE DIFFERENCES. Crown 
8vo. cloth, lOJ. 6d. 

This work is in some measure designed as a sequel to the Treatise on 
Differential EquationSy and is composed on the same plan. 
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BEASLEY.—K^ ELEMENTARY TREATISE ON PLANE 
TRIGONOMETRY. With Examples. By R. D. Beasley, 
M.A., Head Master of Grantham Grammar School. Second 
Edition, revised and enlarged. Crown 8vo. cloth, 3^. 6</. 

This Treatise is specially intended for use in Schools. The choice of matter 
has been chiefly guided by the requirements of the three days' Examina- 
tion at Cambridge, with the exception of proportional parts in Logarithms, 
which have been omitted. About Four hundred Examples have been 
added, mainly collected from the Examination Papers of the last ten years, 
and great pams have been taken to exclude from the body of the work any 
whicn mignt dishearten a beginner by their difficulty. 

CAMBRIDGE SENATE-HOUSE PROBLEMS and RIDERS, 
WITH SOLUTIONS:— 

1848 — 185 1. — PROBLEMS. By Ferrers and Jackson. 8vo. cloth. 
15^. 6d. 

1848— 1851.— RIDERS. By Jameson. 8vo. cloth. 7^. 6d. 

1854.— PROBLEMS and RIDERS. By Walton and Mackenzie, 
8vo. cloth. 10 J. 6</. 

1857.— PROBLEMS and RIDERS. By Campion and Walton. 
8vo. cloth. 8j. 6d. 

i860.— PROBLEMS and RIDERS. By Watson and Routh. 
Crown 8yo. cloth. 7^. 6d. 

1864.— PROBLEMS and RIDERS. By Walton and Wilkinson. 
8vo. cloth. loj. 6d. 

CAMBRIDGE COURSE OF ELEMENTARY NATURAL PHI- 
LOSOPHY, for the Degree of B.A. Originally compiled by 
J. C. Snowball, M. A., late Fellow of St. John's College. Fifth 
Edition, revised and enlarged, and adapted for the Middle-Class 
Examinations by Thomas Lund, B.D., Late Fellow and Lecturer 
of St. John's College ; Editor of Wood's Algebra, &c. Crown 
8vo. cloth. 5^. 

This work will be found suited to the wants, not only of University Students, 
but also of many others who require a short course of Mechanics and 
Hydrostatics, and especially of the Candidates at our Middle-Class Ex- 
aminations. 

CAMBRIDGE AND DUBLIN MA THEMA TICAL JOURNAL. 
The Complete Work, in Nine Vols. 8vo. cloth. £*] 4J. 

(Only a few copies remain on hand.) 

CHEYNE,—K^ ELEMENTARY TREATISE on the PLANET- 
ARY THEORY. With a Collection of Problems. By C. H. H. 
Cheyne, B.A. Crown 8vo. cloth, (is.td. 

— THE EARTH'S MOTION of ROTATION. By C. H. H. 
Cheyne, M.A. Crown 8vo. 3^. dd. 
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CHILDE.—TWEs SINGULAR PROPERTIES of the ELLIPSOID 
and ASSOCIATED SURFACES of the Nth DEGREE. By 
the Rev. G. F. Childe, M.A., Author of "Ray Surfaces," 
"Related Caustics," &c. 8vo. ios.6d. 

CHRISTIE,— X COLLECTION OF ELEMENTARY TEST- 
QUESTIONS in PURE and MIXED MATHEMATICS ; with 
Answers and Appendices on Synthetic Division, and on the 
Solution of Numerical Equations by Homer's Method. By James 
R. Christie, F.R.S., late First Mathematical Master at the 
Royal Military Academy, Woolwich. Crown 8vo. cloth, &f. ()d, 

Z?^Zrc?A/:— ARITHMETICAL EXAMPLES. Progressively ar- 
ranged, with Exercises and Examination Papers. By the Rev. 
T. D ALTON, M.A., Assistant Master of Eton College. i8mo. 
cloth. 2s. 6d, 

Z?^ K— PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part I., The Ellipse, with Problems. 
By the Rev. H. G. Day, M.A., Head Master of Sedbergh Grammar 
School. Crown 8vo. 3^. ()d. 

DODGSON.—Ki^ ELEMENTARY TREATISE ON DETER- 
MINANTS, with their Application to Simultaneous Linear Equa- 
tions and Algebraical Geometry. By C. L. Dodgson, M.A., 
Mathematical Lecturer of Christ Church, Oxford. Small 4to. 
eloth, lor. 6d. 

Z^^eZ"^— GEOMETRICAL TREATISE on CONIC SECTIONS. 
By W. H. Drew, M. A., St John's College, Cambridge. Third 
Edition. Crown 8vo. cloth, 4^. dd. 

In this work the subject of Conic Sections has been placed before the student 
in such a form that, it is hoped, after mastering the elements of Euclid, he 
may find it an easy and interesting continuation of his geometrical stucUes. 
With a view also of rendering the work a complete Manual of what is re- 
quired at the Universities, there have been eitner embodied into the text, 
or inserted among the examples, every book-work question, problem, and 
rider, which has been proposed in the Cambridge examinations up to the 
present time. 

— SOLUTIONS TO THE PROBLEMS IN DREWS CONIC 
SECTIONS. Crown 8vo. cloth, 4r. 6d, 

JiERRERS.-^K^ ELEMENTARY TREATISE on TRILINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and the 
Theory of Projections. By the Rev. N. M. Ferrers, M.A., 
Fellow and Tutor of Gonville and Caius College, Cambridge. 
Second Edition. Crown 8vo. 6s, dd. 

The object of the author in writing on this subject has mainly been to place 
it on a basis altogether independent of the ordinary Cartesian system, in- 
stead of regarding it as only a special form of Abridged Notation. A short 
chapter on Determinants has been introduced. 
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FROST.— TYi^ FIRST THREE SECTIONS of NEWTON'S 

PRINCIPIA. With Notes and Illustrations. Also a Collection 

of Problems, principally intended as Examples of Newton's 

Methods. By Percival Frost, M.A., late Fellow of St. John's 

College, Mathematical Lecturer of King's College, Cambridge. 

Second Edition. 8vo. cloth, lor. 6d. 

The author's principal intention is to explain difficulties which may be en- 
countered by the student on first reading the Principia, and to illustrate 
the advantages of a careful study of the methods employed by Newton, by 
showing the extent to which they may be aj^plied in the solution of prob- 
lems; he has also endeavoured to give assistance to the student who is 
engaged in the study of the higher branches of Mathematics, by repre- 
senting in a geometrical form several of the processes employed in the 
Differential and Integral Calculus, and in the analytical investigations of 
Dynamics. 

FROST and WOLSTENHOLME.—A TREATISE ON SOLID 
GEOMETRY. By Percival Frost, M.A., and the Rev. J. 
WOLSTENHOLME, M.A., Fellow and Assistant Tutor of Christ's 
College. 8yo. cloth, i&r. 

The authors have endeavoured to present before students as comprehensive 
a view of the subject as possible. Intending as they have done to make 
the subject accessible, at least in the earlier portion, to all classes of 
students, they have endeavoured to explain fully all the processes which 
are most useful in dealing with ordinary theorems and problems, thus di- 
recting the student to the selection of methods which are best adapted to 
the exigencies of each problem. In the more difficult portions of the sub- 
ject, they have considered themselves to be addressing a higher class of 
students ; there they have tried to lay a good foundation on which to build, 
if any reader should wish to pursue the science beyond the limits to which 
the work extends. 

GODFRAY.—A TREATISE on ASTRONOMY, for the use of 
Colleges and Schools. By Hugh Godfray, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 8vo. cloth. I2J. 6d, 

** We can recommend for its purpose a very good Treatise on Astronomy 
bv Mr. Godfray. It is a working book, taking astronomy in its proper 
place in mathematical science. But it begins with the elementsiry de- 
finitions, and connects the mathematical formulae very clearly with the 
visible asj)ect of the heavens and the instruments which are used for ob- 
serving it." — Guardian. 

— AN ELEMENTARY TREATISE on the LUNAR THEORY. 
With a brief Sketch of the Problem up to the time of Newton. 
By Hugh Godfray, M.A. Second Edition, revised. Crown 
8vo. cloth. 5j. 6d, 

HEMMING.— Ki^ ELEMENTARY TREATISE on the DIF- 
FERENTIAL AND INTEGRAL CALCULUS, for the use 
of Colleges and Schools. By G. W. Hemming, M.A., Fellow 
of St. John's College, Cambridge. Second Edition, with Cor- 
rections and Additions. 8vo. cloth. 9^. 
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JONES and CJIE VJVE.— ALGEBRAIC AL EXERCISES. Pro- 
gressively arranged. By the Rev. C. A. Jones, M. A., and C. H. 
Cheyne, M.A., Mathematical Masters of Westminster School. 
New Edition. i8mo. cloth, 2s. 6d. 

This little book is intended to meet a difficulty tkrhich is probably felt more 
or less by all engaged in teaching Algebra to beginners. It is that while 
new ideas are being acquired, old ones are forgotten. In the belief that 
constant practice is the only remedy for this, the present series of miscel- 
laneous exercises has been prepared. Their peculiarity consists in this, 
that though miscellaneous they are yet progressive, and may be used by 
the pupil almost from the commencement of his studies. They are not in- 
tended to supersede the systematically arranged examples to be found in 
ordinary treatises on Algebra, but rather to supplement them. 

The book beine intended chiefly for Schools and Jimior Students, the higher 
parts of Algeora have not been included. 

KITCHENER.— A GEOMETRICAL NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the Study 
of Geometry. For the use of Schools. By F. E. Kitchener, 
M.A., Mathematical Master at Rugby. 4to. 2s. 

MORGAN.—A COLLECTION of PROBLEMS and EXAMPLES 
in Mathematics. With Answers. By H. A. Morgan, M.A., 
Sadlerian and Mathematical Lecturer of Jesus College, Cambridge. 
Crown 8vo. cloth. 6s. 6d. 

This book contains a number of problems, chiefly elementary, in the Mathe- 
matical subjects usually read at Cambridge. They have been selected 
from the papers set during late years at Jesus college. Very few of them 
are to be met with in other collections, and by far the larger number are 
due to some of the most distinguished Mathematicians in the University. 

PARKINSON.— Works by S. Parkinson, B.D., Fellow and Prse- 
lector of St. John's College, Cambridge : — 

— AN ELEMENTARY TREATISE ON MECHANICS. For 
the use of the Junior Classes at the University and the Higher 
Classes in Schools. With a Collection of Examples. Third 
Edition, revised. Crown 8vo. cloth, 9J-. 6d. 

The author has endeavoured to render the present volume suitable as a 
Manual for the junior classes in Universities and the higher classes in 
Schools. In the Third Edition several additional propositions have been 
incorporated in the work for the purpose of rendering it more complete, 
and the Collection of Examples and Problems has been largely increased. 

— A TREATISE on OPTICS. Second Edition, revised. Crown 
8vo. cloth, icxf. 6d. 

A collection of Examples and Problems has been appended to this work 
which are sufficiently numerous and varied in character to afford useful 
exercise for the studeqt : for the greater part of them recourse has been 
had to the Examinatioh Papers set in the University and the several Col- 
leges during the last twenty years. 
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/'iVi^yl^.— ELEMENTARY HYDROSTATICS. With numerous 

Examples. By J. B. Phear, M.A., Fellow and late Assistant 

Tutor of Clare College, Cambridge. Fourth Edition. Crown 8vo. 

cloth, 5j. dd, 

*' An excellent Introductory Book. The definitions are verv clear ; the de- 
scriptions and explanations are sufficiently full and intelligible ; the in- 
vestigations are simple and scientific. The examples greatly enhance its 
value." — English Journal of Education. 

PRATT.— K TREATISE on ATTRACTIONS, LAPLACE'S 
FUNCTIONS, and the FIGURE of the EARTH. By John 
H. Pratt, M.A., Archdeacon of Calcutta, Author of "The 
Mathematical Principles of Mechanical Philosophy." Third 
Edition. Crown 8vo. cloth, dr. td, 

PUCKLE.—k^ ELEMENTARY TREATISE on CONIC SECT- 
IONS and ALGEBRAIC GEOMETRY. With numerous Ex- 
amples and hints for their Solution ; especially designed for the use 
of Beginners. By G. H. Puckle, M.A., St. John's College, 
Cambridge, Head Master of Windermere College. Third Edition, 
enlarged and improved. Crown Svo. cloth, *js. 6d, 

The work has been completely re-written, and a considerable amount of new 
matter has been added, to suit the requirements of the present time. 

RAWLINSON.—El.'EM^^TKRY STATICS. By G. Rawlin- 
SON, M.A. Edited by Edward Sturges, M.A., of Emmanuel 
College, Cambridge, and late Professor of the Applied Sciences, 
Elphinstone College, Bombay. Crown Svo. cloth. 4r. 6d, 

Published under the authority of H. M. Secretary of State for use in the 
Government Schools and Colleges in India. 

" This Manual may take its place among the most exhaustive, yet clear and 
simple, we have met with, upon the composition and resolution of forces, 
equilibrium, and the mechanical powers."— (^rifn/a/ Budget. 

REYNOLDS.— MODERN METHODS IN ELEMENTARY 
GEOMETRY. By E. M. Reynolds, M.A., Mathematical 
Master in Clifton College. Crown Svo. 3^. 6d. 

ROUTH.—KN ELEMENTARY TREATISE on the DYNAMICS 
of a SYSTEM of RIGID BODIES. With Examples. By 
Edward John Routh, M.A., Fellow and Assistant Tutor of 
St. Peter's College, Cambridge ; Examiner in the University of 
London. Crown Svo. cloth, 10s, 6d. 

SMITH.— K TREATISE on ELEMENTARY STATICS. By 
J. H. Smith, M.A., Gonville and Caius College, Cambridge, 
ovo. 5.r. (>d. 
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SMITH.— y^orks by Barnard Smith, M.A., Rector of Glaston, 
Rutlandshire, late Fellow and Senior Bursar of St. Peter's College, 
Cambridge : — 

— ARITHMETIC and ALGEBRA, in their Principles and Ap- 
plication, with numerous Systematically arranged Examples, taken 
from the Cambridge Examination Papers, with especial reference 
to the Ordinary Examination for B.A. Degree. Tenth Edition. 
Crown 8vo. cloth, icxf. 6d. 

This work is now extensively used in Schools and Colleges both at home and 
in the Colonies. It has also been found of great service for students pre- 
paring for the Middle-Class and Civil and Military Service Ex- 
aminations, from the care that has been taken to elucidate xhit principles 
of all the Rules. 

— ARITHMETIC FOR SCHOOLS. New Edition. Crown 
8vo. cloth, 4J. 6d, 

— COMPANION to ARITHMETIC for SCHOOLS. [Preparing, 

— A KEY to the ARITHMETIC for SCHOOLS. Seventh 
Edition. Crown 8vo., cloth, &f. 6d, 

— EXERCISES in ARITHMETIC. With Answers. Crown 
8vo. limp cloth, 2s, 6d. Or sold separately, as follows : — Part I. 
IS. ; Part II. is. Answers, 6d, 

These Exercises have been published in order to give the pupil examples in 
every rule of Arithmetic. The greater number have been carefully com- 
piled from the latest University and School Examination Papers. 

— SCHOOL CLASS-BOOK of ARITHMETIC. i8mo. doth, 
y. Or sold separately. Parts I. and II. lod. each ; Part III. is. 

— KEYS to SCHOOL CLASS-BOOK of ARITHMETIC. Com- 

?lete in one Volume, i8mo., cloth, 6s. 6d. ; or Parts I., II., and 
II. 2s. 6d, each. 

— SHILLING BOOK of ARITHMETIC for NATIONAL 
and ELEMENTARY SCHOOLS. i8mo. cloth. Or separately, 
Part I. 2d. ; Part II. yi. ; Part III. *jd. Answers, 6d, 

The Same, with Answers complete. i8mo. cloth, is, 6d, 

— KEY to SHILLING BOOK of ARITHMETIC. i8mo. cloth, 
4J. 6d. 

— EXAMINATION PAPERS in ARITHMETIC. In Four 
Parts. i8mo. cloth, is, 6d. The Same, with Answers, i8mo. 
IJ. gd. 

— KEY to EXAMINATION PAPERS in ARITHMETIC. 
i8mo. cloth, 4J. 6d, 
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SNOWBALL.— Vl.K'^Y. and SPHERICAL TRIGONOMETRY. 
With the Construction and Use of Tables of Logarithms. By 
J. C. Snowball. Tenth Edition. Crown 8vo. cloth, 7^. 6^. 

TAIT and STjKELE.— DYNAMICS of a PARTICLE. With 
Examples. By Professor Tait and Mr. Steele. New Edition. 
Crown 8vo. cloth, icxf. 6d. 

In this Treatise will be found all the ordinary propositions connected with 
the Dynamics of Particles which can be conveniently deduced without the 
use of D'Alembert's Principles. Throughout the book will be found a 
number of illustrative Examples introduced in the text, and for the most 
part completely worked out ; others, with occasional solutions or hints to 
assist the student, are appended to each Chapter. 

7V< KZ(9^.— GEOMETRICAL CONICS ; including Anharmonic 
Ratio and Projection, with numerous Examples. By C. Taylor, 
B.A., Scholar of St. John's College, Cambridge. Crown 8vo. 
cloth, Js, 6d. . 

T-^iff^ K— ELEMENTARY MENSURATION for SCHOOLS. 
With numerous Examples. By Septimus Tebay, B.A., Head 
Master of Queen Elizabeth's Grammar School, Rivington. Extra 
fcap. Svo. 3J. 6d. 

TODHUNTER^—W^ot)^ by I. Todhunter, M.A., F.B.S., Fellow 
and Principal Mathematical Lecturer of St. John's College, Cam- 
bridge : — 

— THE ELEMENTS of EUCLID for the use of COLLEGES 
and SCHOOLS. New Edition. i8mo. clotl^ 3J. 6^. 

— ALGEBRA for BEGINNERS. With numerous Examples. 
New Edition. i8mo. cloth, 2s, 6d. 

— KE;Y to ALGEBRA for BEGINNERS. Crown 8vo., cL, 6j. 6d. 

— TRIGONOMETRY for BEGINNERS. With numerous 
Examples. New Edition* iSmo. cloth, 2s. 6d. 

Intended to serve as an introduction to the larger treatise on Plane Trigo- 
nometry^ published by the author. The same plan has been adopted as in 
the Algebra for Beginners : the subject is discussed in short chapters, and 
a collection of examples is attached to each chapter. 

-^ MECHANICS for BEGINNERS. With numerous Examples. 
iSmo. cloth, 4J. 6d. 

Intended as a companion to the two preceding books. The work forms an 
elementary treatise on Demonstrative Mechanics. It may be true that 
this part of mixed mathematics has been sometimes made too abstract and 
speculative ; but it can hardly be doubted that a knowledge of the elements 
at least of the theory of the subject is extremely valuable even for those 
who are mainly concerned with practical results. The author has accord- 
ingly endeavoiued to provide a suitable introduction to the study of applied 
as well as of theoretical Mechanics. 
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TODHUNTER.—^QxVs by I. Todhimter, TIL.A.—-Continued. 

— A TREATISE on the DIFFERENTIAL CALCULUS. 
With Examples. Fourth Edition. Crown 8vo. cloth, icxf. 6d. 

— A TREATISE on the INTEGRAL CALCULUS. Third 
Edition, revised and enlarged. With Examples. Crown 8vo. 
cloth, los. 6d. 

— A TREATISE on ANALYTICAL STATICS. With Ex- 
amples. Third Edition, revised and enlarged. Crown 8vo. cloth, 
lOr. 6d. 

— PLANE CO-ORDINATE GEOMETRY, as applied to the 
Straight Line and the CONIC SECTIONS. With numerous 
Examples. Fourth Edition. Crown 8vo. cloth, *js. 6d. 

— ALGEBRA. For the use of Colleges and Schools. Fourth 
Edition. Crown 8vo. cloth, "js, 6d. 

This work contains all the propositions which are usually included in ele- 
mentary treatises on Algebra, and a large number of Examples _f or Ex' 
ercise. The author has sought to render the work easily intelligible to 
students without impairing the accuracy of the demonstrations, or contract- 
ing the limits of the subject. The Examples have been selected with a 
view to illustrate every part of the subject, and as the number of them is " 
about Sixteen hundred and fifty y it is hoped they will supply ample exer- 
cise for the student. Each set of Examples has been carefully arranged, 
commencing with very simple exercises, and proceeding gradually to those 
which are less obvious. 

— PLANE TRIGONOMETRY. For Schools and Colleges. 

Third Edition. Crown 8vo. cloth, 5^. 

The design of this work has been to render the subject intelligible to be- 
ginners, and at the same time to afford the student the opportunity of ob- 
taining all the information which he will require on this branch of Mathe- 
matics. Each chapter is followed by a set of Examples ; those which are 
entitled Miscellaneous Examples, together with a few in some of the other 
sets, may be advantageously reserved by the student for exercise after he 
has made some progress in the subject In the Second Edition the 
hints for the solution of the Exsrmples have been considerably increased. 

— A TREATISE ON SPHERICAL TRIGONOMETRY. 
Second Edition, enlarged. Crown 8vo. cloth, ^r. 6^. 

This work is constructed on the same plan as the Treatise on Plane Trieo- 
nometryy to which it is intended as a sequel. Considerable labour has, 
been expended on the text in order to render it comprehensive and ac- 
curate, and the Examples, which have been chiefly selected from Uni- 
versity and College Papers, have all been carefully verified. 

— EXAMPLES of ANALYTICAL GEOMETRY of THREE 
DIMENSIONS. Second Edition, revised. Crown 8vo. cloth, 4J. 

— AN ELEMENTARY TREATISE on the THEORY of 
EQUATIONS. Second Edition, revised. Crown 8vo. cloth, 
^s, ()d. 
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WTZ^O^.— ELEMENTARY GEOMETRY. Part I. Angles, 
Triangles, Parallels, and Equivalent Figures, with the Application 
to Problems. By J. M. Wilson, M.A., Fellow of St. John's 
College, Cambridge, and Mathematical Master in Rugby School. 
Extra fcap. 8vo. 2s. 6d, 

— A TREATISE on DYNAMICS. By W. P. Wilson, M.A., 
Fellow of St. John's College, Cambridge ; and Professor of 
Mathematics in Queen's College, Belfast, ovo. 9J'. 6d, 

WOLSTENHOLME.^K BOOK of MATHEMATICAL PROB- 
LEMS on subjects-included in the Cambridge Course. By Joseph 
WoLSTENHOLME, Fellow of Christ's College, sometime Fellow of 
St. John's College, and lately Lecturer in Mathematics at Christ's 
College. Crown 8vo. cloth. Sj. 6^. 

Contents: Geometry (Euclid). — ^Algebra. — Plane Trigonometry. — Conic 
Sections, Geometrical. — Conic Sections, Analytical. — Theory of Equations. 
— Differential Calculus. — Integral Calculus. — Solid Geometry — Statics. — 
Dynamics, Elementary. — Newton. — Dynamics of a Point. — Dynamics of 
a Rigid Body. — Hydrostatics. — Geometrical Optics. — SphericaJ Trigono- 
metry and Plane Astronomy. 

In each subject the order of the Text-Books in general use in the University 
of Cambridge has been followed, and to some extent the questions have 
been arranged in order of difficulty. The collection will be found to be 
unusually copious in problems in Uie earlier subjects, by which it is de- 
signed to make the work useful to mathematical students, not only in the 
Universities, but in the higher classes of public schools. 
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^/^K— POPULAR ASTRONOMY. With Illustrations. By G. B. 
Airy, Astronomer Royal. Sixth and Cheaper Edition. i8mo. 
cloth, 4J-. (id. 

'* Popular Astronomy in general has many manuals ; but none of them super- 
sede^ the Six Lectures of the Astronomer Royal under that title. Its 
speciality is the direct way in which every step is referred to the observatory, 
and in which the methods and instruments by which every observation is 
made are fully described. This gives a sense of solidity and substance to 
astronomical statements which is obtainable in no other way."— ~Guarduift. 

(7^/ir/^.— ELEMENTARY LESSONS in PHYSICAL GEO- 
LOGY. By Archibald Geikie, F.R.S., Director of the Geo- 
logical Survey of Scotland. [Preparing, 
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I/C/XLEK— LESSORS in ELEMENTARY PHYSIOLOGY. 
With numerous Illustrations. By T. H. Huxley, F.R.S., Pro- 
fessor of Natural History in the Royal School of Mines. Second 
Edition, i8mo. cloth, 4^. 6d. 

" It is a very small book, but pure gold throughout. There is not a waste 
sentence, or a superfluous word, and vet it is all clear as daylight. It 
exacts close attention from the reader, out the attention will be repaid by 
a real acquisition of knowledge. And though the book is so small, it 

manages to touch on some of me very highest problems The whole 

book shows how true it is that the most elementary instruction is best 
given by the highest masters in any science." — Guardian. 

" The very best descriptions and explanations of the principles of human 
physiology which have yet been written by an Englbhman." — Saturday 
Review. 

Z:C>CA'K£'^.— ELEMENTARY LESSONS in ASTRONOMY. 
With Coloured Diagram of the Spectra of the Sun, Stars, and 
Nebulae, and numerous Illustrations. By J. Norman Lockyer, 
F.R.A.S. i8mo. 5^. 6^. 

(9Z/KE^.— LESSONS IN ELEMENTARY BOTANY. With 
nearly Two Hundred Illustrations. By Daniel Oliver, F.R.S., 
F.L.S. Third Thousand. i8mo. cloth, ^.6d. 

*' The manner is most fascinating, and if it does not succeed in making this 
division of science interesting to every one, we do not think anything can. 
.... Nearly 200 well executed woodcuts are scattered through the text, 
and a valuable and copious index completes a volume which we cannot 
praise too highly, and which we trust air our botanical readers, young and 
old, will possess themselves of." — Popular Science Review. 

" To this system we now wish to direct the attention of teachers, feeling 
satisfied that by some such course alone can any substantial knowledge (h 
plants be conveyed with certainty to young men educated as the mass of 
our medical students have been. We know of no work so well suited to 
direct the botanical pupil's efforts as that of Professor Oliver's, who, with 
views so practical and with great knowledge too, can write so accurately 
and clearly." — Natural History Review. 

jeC>i-CC>^.— LESSONS in ELEMENTARY CHEMISTRY, In- 
organic and Organic. By Henry Roscoe, F.R.S., Professor 
of Chemistry in Owen's College, Manchester. With numerous 
Illustrations and Chromo-Litho. of the Solar Spectra. Ninth 
Thousand. i8mo. cloth, \s. 6d. 

It has been the endeavour of the author to arrange the most important facts 
and principles of Modem Chemistry in a plain but concise and scientific 
form, suited to the present requirements of elementary instruction. For 
the purpose of facilitating the attainment of exactitude m the knowledge of 
the subject, a series of exercises and questions upon the lessons have been 
added. The metric system of weights and measures, and the centigrade 
thermometric scale, are used throughout the work. 

"A small, compact, carefully elaborated and well arranged manual." — 
S^ctator. 
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ATLAS of EUROPE. Globe Edition. Uniform in size with 
Macmillan's Globe Series, containing 48 Coloured Maps, on the 
same scale Plans of London and Paris, and a copious Index, 
strongly bound in half-morocco, with flexible back. qj*. 

Notice. — ^This Atlas includes all the Countries of Europe in a Series of 
Forty-eight Maps, drawn on the same scale, with an Alphabetical Index to 
the situation of more than 10,000 Places ; and the relation of the various 
Maps and Countries to each other is defined in a general Key-Map. 

The identity of scale in all the Maps facilitates the comparison of extent and 
distance, and conveys a just impression of the magnitude of different 
Countries. The size suf!ices to show the Provincial Divisions, the Rail- 
ways and Main Roads, the Principal Rivers and Mountain Ranges. As 
a book it can be opened without the inconvenience which attends the use 
of a folding map. 

" In the series of works which Messrs. Macmillan and Co. are publishing 
under this general title (Globe Series) they have combined portableness 
with scholarly accuracy and typographical beauty, to a degree that is 
almost unprecedented. Happily they are not alone in employing the 
highest available scholarship in the preparation of the most elementary 
educational works ; but their exquisite taste and large resources secure an 
artistic result which puts them almost beyond competition. This little 
atlas will be an invaluable boon for the school, the desk, or the traveller's 
portmanteau." — British Quarterly Review. 

BATES and LOCJCYER.—K CLASS BOOK of GEOGRAPHY, 
adapted to the recent Programme of the Royal Geographical 
Society. By H. W. Bates and J. N. Lockyer, F. R. A. S. 

[/« the Press, 

CAMEOS from ENGLISH HISTORY. From RoUo to Edward II. 
By the Author of "The Heir of Redclyffe." Extra fcap. 8vo. 5j. 

" Contains a large amount of information in a concentrated form, and so 
skilfully and well is the adventurous, i)ersonal, and dramatic element 
brought out, that any boy of intelligence will find these narratives as 
fascinating as the most exciting fiction ever penned." — London Review. 

EARLY EGYPTIAN HISTORY for the Young. With Descriptions 

of the Tombs and Monuments. New Edition, with Frontispiece. 

Fcap. 8vo. 5j. 

"Written with liveliness and perspicuity."— C^«a«/iii«. 

*' Artistic appreciation of the picturesque, lively humour, unusual aptitude for 
handling the childish intellect, a pleasant style, and sufficient learning, 
altogether free from pedantic parade, are among the good Qualities of this 
volume, which we cordially recommend to the parents of inquiring and 
book-loving boys and girls.'— yl/A^^tfww. 

" This is one of the most perfect books for the young that we have ever seen. 
We know something of Herodotus and Rawlinson, and the subject is cer- 
tainly not new to us ; yet we read on, not because it is our duty, but for very 
pleasure. The author has hit the best possible way of interesting any one, 
young or old." — Literary Churchman. 
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HOLE.—K GENEALOGICAL STEMMA of the KINGS of ENG- 
LAND and FRANCE. By the Rev. C. Hole. In One Sheet 

— A BRIEF BIOGRAPHICAL DICTIONARY. Compiled and 
Arranged by Charles Hole, M.A., Trinity CoUege, Cambridge. 
Second Edition, i8mo., neatly and strongly bound in cloth, 

The most comprehensive Biograplucal Dictionaiy in English, — containine 
more than 18,000 names of persons of all countries, with dates of birth and 
death, and what they were distingttished for. 

" An invaluable addition to our manuals of reference, and from its moderate 
price, it cannot fail to become as popular as it is useful." — Times. 

*' Supplies a universal want among students of all kinds. It is a neat, com- 

Eact, well printed little volume, which may go into the pocket, and should 
e on every student's table, at hand, for reference." — Globe. 

HOUSEHOLD (A) BOOK OF ENGLISH POETRY. Selected 
and arranged, with Notes, by R. C. Trench, D.D., Archbishop of 
Dublin. Extra fcap. 8vo. 5^:. 6^. 

" Remarkable for the number of fine poems it contains that are not found in 
other collections." — Express. 

"The selection is made with the most refined taste, and with excellent 
judgment." — Bimiinghavt Gazette. 

y^/'^^C^iV:— SHAKESPEARE'S TEMPEST. With Glossary and 
Explanatory Notes. By the Rev. J. M. Jephson. i8mo. u. 6^. 

"His notes display a thorough familiarity with our older English literature, 
and his preface is so full of intelligent critical remark, that many readers 
will wish that it were longer." — Guardian. 

OPP£J\r,—FREl^CH READER. For the use of Colleges and 
Schools. Containing a Graduated Selection from Modem Authors 
in Prose and Verse; and copious Notes, chiefly Etymological. 
By Edward A. Oppen. Fcap. Svo. cloth, 4s, 6d. 

*' Mr. Oppen has produced a French Reader, which is at once moderate yet 
full, informing yet interesting, which in its selections balances the modems 

fairly against the ancients The examples are chosen with taste and 

skill, and are so arranged as to form a most agreeable course of French 
reading. An etymological and biographical appendix constitutes a very 
valuable feature of the work." — Birminghant Daily Post. 

A SHILLING BOOK of GOLDEN DEEDS. A Reading-Book for 

Schools and General Readers. By the Author of "The Heir of 

Redclyffe." i8mo. cloth. 

" To collect in a small handy volume some of the most conspicuous of these 
(examples) told in a graphic and spirited style, was a happy idea, and the 
result IS a little book that we are sure will jse in ajmost constant demand in 
the parochial libraries and schools for which it is avowedly intended." — 
Educational Times. 
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A SHILLING BOOK of WORDS from the POETS. By C. M. 
Vaughan. i8mo. cloth. 

TURING.— VforVs by Edward Thring, M.A., Head Master of 
Uppingham : — 

— THE ELEMENTS of GRAMMAR taught m ENGLISH. 
With Questions. Fourth Edition. i8mo. 2s. 

— THE CHILD'S GRAMMAR. Being the substance of "The 
Elements of Grammar taught in English," adapted for the use of 
Junior Classes. A New Edition. i8mo. is. 

The author's effort in these two books has been to point out the broad, 
beaten, every-day path, carefully avoiding digressions into the bye-ways 
and eccentricities of language. This work took its rise from questionings 
in National Schools, and the whole of the first part is merely the writing 
out in order the answers to questions which have been used already with 
success. Its success, not only in National Schools, from practical work 
in which it took its rise, but also in classical schools, is full of encourage- 
ment. 

— SCHOOL SONGS. A collection of Songs for Schools. With 
the Music arranged for Four Voices. Edited by the Rev. E. 
Thring and H. Riccius. Folio. *js. 6d. 
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EASTWOOD.— THE BIBLE WORD BOOK. A Glossary of Old 
English Bible Words. By J. Eastwood, M.A., of St. John's 
College, and W. Aldis Wright, M.A., Trinity Collie, Cam- 
bridge. i8mo. 5 J. 6d. 

ffARDWICJC-K HISTORY of the CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommunication 
of Luther. By ARCHDEACON Hardwick. Edited by Francis 
Procter, M.A. With Four Maps constructed for this work by 
A. Keith Johnston. Second Edition. Crown 8vo. ioj. 6d. 

— A HISTORY of the CHRISTIAN CHURCH during the 
REFORMATION. By Archdeacon Hardwick. Revised by 
Francis Procter, M. A. Second Edition. Crown 8vo. ios.6d. 
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MACLEAR.—Vfoxks by the Rev. O. F. Maclear, B.D., Head 
Master of King's College School, and Preacher at the Temple 
Church : — 

— A CLASS-BOOK of OLD TESTAMENT HISTORY. Fourth 
Edition, with Four Maps. i8mo. cloth, 4J. 6d. 

** A work which for fulness and accuracy of information may be confidently 
recommended to teachers as one of the best text-books of Scripture History 
which can be put into a pupil's hands." — Educational Times. 

— A CLASS-BOOK of NEW TESTAMENT HISTORY : in- 
cluding the Connection of the Old and New Testament. With 
Four Maps. Second Edition. i8mo. cloth. 5^. (>d. 

** Mr. Maclear has produced in this handy little volume a singularly clear 
and orderly arrangement of the Sacred Story. . . . His work is solidly and 
completely done." — Atketueum. 

— A SHILLING BOOK of OLD TESTAMENT HISTORY, 
for National and Elementary Schools. With Map. i8mo. cloth. 

— A SHILLING BOOK of NEW TESTAMENT HISTORY, 
for National and Elementary Schools. With Map. iSmo. cloth. 

— CLASS BOOK of the CATECHISM of the CHURCH of 
ENGLAND. Second Edition. iSmo. cloth, 2s, 6d, A Sixpenny 
Edition in the Press. 

PROCTER,— K HISTORY of the BOOK of COMMON PRAYER : 
with a Rationale of its Offices. By Francis Procter, M.A. 
Seventh Edition, revised and enlarged. Crown Svo. ioj. 6^/. 

In the course of the last twenty years the whole question of Littu-gical know- 
ledge has been reopened with ^eat learning and accurate research, and it 
is mainly with the view of epitomizing their extensive publications, and 
correcting by their help the errors and misconceptions which had obtained 
currency, that the present volume has been put together. 

— - AN ELEMENTARY HISTORY of the BOOK of COMMON 
PRAYER. By Francis Procter, M.A. Second Edition. 
i8mo. 2j>. dd. 

The author having been frequently ureed to ^ve a popular abridgment of 
his larger work m a form which should be suited for use in schools and for 
genera! readers, has attempted in this book to trace the History of the 
Prayer-Book, and to supply to the English reader the general results which 
in tne larger work are accompanied by elaborate discussions and references 
to authonties indispensable to the student It is hoped that this book may 
form a useful manual to assist people generally to a more intelligent use of 
the Forms of our Common Prayer. 

PSALMS of DAVID Chronologically Arranged. By Four Friends. 
An amended version, with Historical Introduction and Explanatory 
Notes. Crown 8vo., ioj. 6^. 

" It is a work of choice scholarship and rare delicacy of touch and feeling.** 
— British Quarterly . 
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RAMSA K— THE CATECHISER'S MANUAL ; or, the Church 
Catechism illustrated and explained, for the use of Clergymen, 
Schoolmasters, and Teachers. By Arthur Ramsay, M.A. 
Second Edition. i8mo. is, 6d. 

SIMPSON.— Al^ EPITOME of the HISTORY of the CHRIST- 
IAN CHURCH. By William Simpson, M.A. Fourth 
Edition. Fcap. 8vo. y, 6d. 

SJVAINSON.—K HAND-BOOK to BUTLER'S ANALOGY. 
By C. A. SWAINSON, D.D., Norrisian Professor of Divinity at 
Cambridge. Crown 8vo. is, 6d, 

WESTCOTT.—A GENERAL SURVEY of the HISTORY of the 
CANON of the NEW TESTAMENT during the First Four 
Centuries. By Brooke Foss Westcott, B.D., Assistant Master 
at Harrow. Second Edition, revised. Crown 8vo. lar. 6d. 

The Author has endeavoured to connect the history of the New Testament 
Canon with the gp-owth and consolidation of the Church, and to point out 
the relation existing between the amount of evidence for the aumenticity 
of its component parts and the whole mass of Christian literature. Such a 
method of inquiry will convey both the truest notion of the connexion ol 
the written Word with the living Body of Christ, and the surest conviction 
of its divine authority. 

— INTRODUCTION to the STUDY of the FOUR GOSPELS. 
By Brooke Foss Westcott, B.D. Third Edition. Crown 
8vo. loj. 6d. 

This book is intended to be an Introduction to the Study of the Gospels. In 
a subject which involves so vast a literature much must have been over- 
looked ; but the author has made it a point at least to study the researches 
of the great writers, and consciously to neglect none. 

— THE BIBLE in the CHURCH. A Popular Account of the 

Collection and Reception of the Holy Scriptures in the Christian 

Churches. Second Edition. By Brooke Foss Westcott, B.D. 

i8mo. clothj 4J. 6d, 

*' Mr. Westcott has collected and set out in a popular form the principal facts 
concerning the history of the Canon of Scripture. The work is executed 
witli Mr. Westcott's characteristic ability." — Journal of Sacred Literature. 

WILSON.— K^ ENGLISH HEBREW and CHALDEE LEXI- 
CON and CONCORDANCE to the more Correct Understanding 
of the English translation of the Old Testament, by reference to 
the Original Hebrew. By William Wilson, D.D., Canon of 
Winchester, late Fellow of Queen's College, Oxford. Second 
Edition, carefully Revised. 4to. cloth, 25J. 

The aim of this work is, that it should be useful to Clergymen and all per- 
sons enzaged in the study of the Bible, even when they do not possess a 
knowledge of Hebrew ; while able Hebrew scholars have borne testimony 
to the help that they themselves have found in it 
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ARNOLD,— K FRENCH ETON ; or, Middle-Class Education and 
the State. By Matthew Arnold. Fcap. 8vo. cloth. 2s. 6d, 

** A very interestine dissertation on the system of secondary instruction in 
France, and on the advisability of copying the system m England" — 
Saturday Review. 

— SCHOOLS and UNIVERSITIES on the CONTINENT. 8vo. 
lOf. 6d, 

BLAKE.— K VISIT to some AMERICAN SCHOOLS and COL- 
LEGES. By Sophia Jex Blake. Crown 8vo. cloth, ds. 

*' Miss Blake gives a living picture of the schools and colleges themselves, in 
which that education is carried on." — Pall-Mall Gazette. 

"Miss Blake has written an entertaining book upon an important subject; 
and while we thank her for some valuable information, we venture to 
thank her also for the very agreeable manner in which she imparts it." — 
A therueum, 

' ' We have not often met with a more interesting work on education than 
that before us." — Educational Times. 

ESSAYS ON A LIBERAL EDUCATION. By Charles Stuart 
Parker, M.A., Henry Sidgwick, M.A., Lord Houghton, 
John Seeley, M.A., Rev. F. W. Farrar, M.A., F.R.S., &c, 
E. E. Bo wen, M.A., F.R.A.S., J. W. Hales, M.A., J. M. 
Wilson, M.A., F.G.S., F.R.A.S., W. Johnson, M.A. Edited 
by the Rev. F. W. Farrar, M.A., F.R.S., late Fellow of Trinity 
College, Cambridge ; Fellow of King's College, London ; Assist- 
ant Master at Harrow; Author of "Chapters on Language," &c., 
&c. Second Edition. 8vo. cloth, lOr. 6d, 

FAjRRAR.—O'S some DEFECTS IN PUBLIC SCHOOL 
EDUCATION. A Lecture delivered at the Royal Institution. 
With Notes and Appendices. Crown 8vo. u. 

TIfjR/J\rG.—EDV CATlOlSi AND SCHOOL. By the Rev. Edward 
Thring, M.A., Head Master of Uppingham. Second Edition. 
Crown 8vo. cloth. 6^. 

yOC/MAiVS.— MODERN CULTURE : its True Aims and Require- 
ments. A Series of Addresses and Arguments on the Claims of 
Scientific Education. Edited by Edward L. Youmans, M.D. 
Crown 8vo. 8j. 6d, 
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